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EXTENSION OF METROPOLITAN DISTRICT WORKS: 
WHAT’S ACCOMPLISHED AND WHAT’S AHEAD 


By Kari R. KENNISON* 


(Presented at a joint meeting of the Boston Society of Civil Engineers and the 
Northeastern Section of the American Society of Civil Engineers, held on April 16, 1947.) 


The Metropolitan District Water Supply Commission was created 
in 1926 for the purpose of constructng a major extension of the Met- 
ropolitan District water supply system. The work involved develop- 
ment of new areas on the Ware and Swift rivers adding 283 square 
miles to the District’s watersheds and multiplying the safe yield of 
its sources by about 234. When the development of these new sources 
was practically completed, the legislature continued the life of the 
Commission as an organization for heavy construction work by giving 
it other tasks, such as the design and construction of a new pressure 
aqueduct to bring the water to the Metropolitan area and the design 
and construction of numerous additions to the Metropolitan sewerage 
works. Various phases of the Commission’s activities have been de- 
scribed in the technical press and the writer will try to avoid repe- 
tition in summarizing the work, and furthermore will confine his com- 
ments to items of major interest. 

The accompanying condensed bibliography will enable one to refer 
to the more important reports on which the enabling legislation was 
based, to the various statutes which have provided the authorizations, 
to the more important reports which have recommended further ex- 
tensions, to the public documents which present the official record of 


*Chief Engineer, Metropolitan District Water Supply Commission, Boston, Mass. 
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the Commission’s work, and to some of the more comprehensive papers 
which have been published by local and national engineering societies. 
So far as appropriation of money is concerned, the construction 
work is divided into four main parts: the Southern Sudbury Emer- 
gency Supply practically completed in the first year of operations un- 
der a separate appropriation, the Quabbin Development and all other 
water supply improvements paid for by the Water District, and the 
Sewerage Projects paid for by the South Metropolitan Sewerage Dis- 
trict and those paid for by the North Metropolitan Sewerage District. 


METROPOLITAN DISTRICT-WATER SUPPLY CONDENSED 
BIBLIOGRAPHY 


Some of the more important reports on which the enabling legislation cover- 
ing the work of the Metropolitan District Water Supply Commission was based, 
and the enabling acts, are: 


Report of the Joint Board Consisting of the State Department of Public Health 
and the Metropolitan District Commission Relative to Water Supply Needs 
and Resources of the Commonwealth.—Mass. Legislative Document Ho. 1550, 
1922 

Creation of the Metropolitan District Water Supply Commission and Authorization 
to Construct the Ware River Diversion—Chapter 375, Acts 1926 

Authorization to Construct the Quabbin Reservoir and. Complete Quabbin Aque- 
duct.—Chapter 321, Acts 1927 

Report of the Metropolitan District Water Supply Commission upon the Use of 
the Southern Sudbury and Cochituate Sources of Water Supply for the 
Metropolitan District, etc—Mass. Legislative Document Ho. 221, 1927 

Authorization to Construct the South Sudbury Emergency Supply—Chapter 111, 
Acts 1927 

Special Report of the Department of Public Health and the Metropolitan District 
Water Supply Commission Relative to Preventing Pollution of Water Sup- 
plies of Worcester and the Metropolitan Water District-——Mass. Legislative 
Document Ho. 402, 1932 

Authorization to Construct the Rutland-Holden Trunk Sewer.—Chapter 262, Acts 
1938 

Authorization to Construct Holden Sewer System with Federal WPA Labor— 
Chapter 286, Acts 1939 

Authorization to Construct Rutland Sewer System with Federal WPA Labor— 
Chapter 287, Acts 1939 

Special Report of the Metropolitan District Water Supply Commission and the 
Department of Public Health Relative to Improvements in Distribution and 
to Adequate Prevention of Pollution of Sources of Water Supply of the 
Metropolitan Water District——Mass. Legislative Document Ho. 262, 1938 


Authorization to Commence Construction of Pressure Aqueduct.—Chapter 460 
Acts 1938 , 
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Authorization of Additional Pressure (Hultman) Aqueduct Construction and of 
Acceptance of Federal PWA Grants——Chapter 501, Acts 1938 

Authorization of Extensions and Additional Appropriation—Chapter 515, Acts 
1946 

Report of Special Commission Investigating Systems of Sewerage and Sewage 
Disposal in the North and South Metropolitan Districts——Mass. Legislative 
Document. Ho. 2465, 1939 

Authorization of the Enlarged Commission to Construct Five Sewerage Projects 
with Federal Aid—Chapter 720, Acts 1941 
Same, with Elimination of Federal Aid—Chapter 705, Acts 1945 
Additional Appropriation for the same.—Chapter 446, Acts 1946 
Additional Appropriation for the same.—Chapter , Acts 1947 


Other miscellaneous legislative documents containing the latest proposals to 
extend the Metropolitan Water System to new districts, are: 


Report of the Special Commission to Investigate Relative to Certain Problems 
in the Merrimack Valley. Senate 100, 1938 

Report of the Special Commission to Investigate Relative to the Water Supply 
Needs of Municipalities in the Connecticut, Chicopee, Swift, Ware, Quaboag 
and Millers River Valleys—House 1667, 1947 


Reports currently published in Public Documents, which have to do with the 
Metropolitan District, are: 


Annual Reports of the Metropolitan District Commission.—P. D. 48 

Annual Reports of the Metropolitan District Water Supply Commission.—P. D. 147 

Annual Assessments for Interest, Sinking Funds, Serial Bonds and Maintenance 
of the Metropolitan Districts —P. D. 92 


Some of the more comprehensive papers on the work of the Metropolitan 
District Water Supply Commission published by various engineering organizations, 
are: 


Subsurface Explorations for the Location of the Wachusett Swift-Tunnel, by 
Frank E. Fahlquist—Boston Socrety Ci1vit ENGINEERS JOURNAL, January, 
1929 

Diamond Drill Borings for the Swift River Dams, by N. LeRoy Hammond.— 
Boston Society Civit ENGINEERS JOURNAL, January, 1929 

The Metropolitan District Water Supply Tunnel from the Ware River to the 
Wachusett Reservoir, by Frank E. Winsor.—Boston Society Crivit ENGI- 
NEERS JOURNAL, November, 1932 

Design and Progress on Construction of Dams for Quabbin Reservoir, by Stanley 
M. Dore.—Boston Society Crvit ENGINEERS JOURNAL, July, 1935 

Quabbin Reservoir—Recent Developments in the Construction of the Ware-Swift 
Water Supply for the Metropolitan District, by Frank E. Winsor.—Boston 
Society Civit ENGINEERS JOURNAL, July, 1938 

Design of Plate Steel Tees, Laterals and Wyes for the Pressure Aqueduct of the 
Metropolitan Water District, By Chester J. Ginder and Edwin B. Cobb.— 
Boston Society Civit ENGINEERS JOURNAL, April, 1941 
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The Hydraulics of the New Pressure Aqueduct of the Metropolitan Water Dis- 
trict, by Karl R. Kennison.—Boston Society CrvIL ENGINEERS JOURNAL, 
January, 1942 Ay } 

Symposium on the Boston Metropolitan District Development and Administration, 
etc—AMERICAN SociETY Civil ENGINEERS PROCEEDINGS, December, 1929 

Symposium on Surface and Subsurface Investigations for Quabbin Dams and 
Aqueduct.—AMERICAN Society Civ ENGINEERS PROCEEDINGS, March, 1936 

Quabbin Dike Built by Hydraulic Fill Methods, by Stanley M. Dore.-—AMERICAN 
Society Crvit ENGINEERS PROCEEDINGS, September, 1937 

Boston’s New Water Supply, by Frank E. Winsor—Crvit ENGINEERING MaAGa- 
ZINE OF AMERICAN SOCIETY CIVIL ENGINEERS, June, 1934 

The Ware River Intake Works of Boston’s New Metropolitan Water Supply, by 
Karl R. Kennison.—Cr1vit ENGINEERING MAGAZINE OF AMERICAN SOCIETY 
Civit ENGINEERS, August, 1934 

Diversion of Interstate Waters for Domestic Water Supply. Litigation and U. S. 
Supreme Court Decision in Case of Connecticut vs. Massachusetts, by Frank 
E. Winsor—NEw ENGLAND WATER WoRKS ASSOCIATION JOURNAL, Septem- 
ber, 1931 

Boston Metropolitan Water Supply Extension, by Karl R. Kennison—NeEw 
ENGLAND WATER WorKS ASSOCIATION JOURNAL, June, 1934 

Metropolitan Water Supply Distribution System, by Eugene C. Hultman—NeEew 
ENGLAND WATER WorKS ASSOCIATION JOURNAL, June, 1938 

Real Estate Acquisitions for Metropolitan Boston’s Water Supply in the Swift 
River and Ware River Watersheds, by James A. Christenson—NEw ENGLAND 
WaTER WorRKS ASSOCIATION JOURNAL, June, 1940 and June, 1945 

Design and Construction of Pressure Aqueduct for Boston Metropolitan District, 
by Stanley M. Dore—New ENGLAND WATER WorKsS ASSOCIATION JOURNAL, 
September, 1941 

Water Charges to the Municipalities by the Metropolitan District Commission, 
and Metropolitan Water District Financing, by Karl R. Kennison—NeEew 
ENGLAND WATER WoRKS ASSOCIATION JOURNALS, December, 1941 and June, 
1946 

Water Supply Developments in Boston, by Karl R. Kennison—Nrw ENGLAND 
WATER Works ASSOCIATION JOURNAL, September, 1946 

Reforestation of Quabbin Watershed, by Russell Snow.—NEw ENGLAND WATER 
Works ASSOCIATION JOURNAL, March, 1947 

The Character of Quabbin Reservoir Water During Reservoir Filling, by Clarence 
H. Reed—New ENGtanp WATER Works ASSOCIATION JOURNAL, June, 1947 

Disposal Plant to Alleviate Boston Harbor Nuisance, by Karl R. Kennison.— 
CiviL ENGINEERING MAGAZINE OF AMERICAN Society Crvit ENGINEERS, June 
and July, 1946 

Proposed Improvements in Sewage Disposal and Treatment in the Boston Metro- 
politan District, by Karl R. Kennison—Srewacr Works JoURNAL OF THE 
FEDERATION OF SEWAGE WorRKS ASSOCIATIONS. January, 1945 

A General Description of the Water Supply, published by the Commission in cele- 


bration of the first discharge of water through Hultman Aqueduct, Oct. 23, 
1940. 
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THE WaR DEPARTMENT PERMITS 


One of the first hurdles which the Commission had to top was 
that of the War Department’s concern over navigation. Neither the 
Ware and Swift rivers from which the new supply was taken nor the 
Chicopee River into which they flow are navigable. However, the 
Chicopee flows into the Connecticut River which is navigable by large 
tonnage as far upstream as Hartford and by small boats and pleasure 
craft to Springfield. On January 25, 1927, the District Engineer of 
the War Department requested data on the new supply, and on No- 
vember 22 of that year ruled that the work must be contingent upon 
War Department permits. The Commission filed applications without 
delay on November 30, and the War Department after a public hear- 
ing on February 9, 1928, issued, on March 19, a permit for the Ware 
diversion and therein notified the Commission that “no objections will 
be interposed by the War Department to the diversion of the flood 
waters of the Ware River exceeding 85 million gallons daily for the 
period October 15 to June 15 each year.” This diversion limit is about 
1.36 c.f.s. per square mile, and the same as provided by Massachusetts 
legislation. The Commission then proceeded with the excavation of 
the Quabbin Aqueduct tunnel westerly from Wachusett Reservoir to 
the Ware River. 


The War Department took an additional year to consider the 
case of the Swift Supply, and on May 17, 1929, issued a permit for 
the Swift diversion by notifying the Commission that “there will be 
no substantial alteration or modification of the condition or navigable 
capacity of the channel of the navigable portion of the Connecti- 
ci River if- the flow |)... +. be augmented during the critical 
period from June 1 to November 30”, by releases which would 
make the total release 70 c.f.s. on days when the flow in the Con- 
necticut River at Montague City is less than 4,900 and 110 c.f.s. 
when such flow is less than 4,650 which is a little less than 0.59 
c.f.s. per square mile. Although these restrictions by the War Depart- 
ment on the Ware and Swift diversions would theoretically make a 
slight reduction in the net safe yield available for water supply, actu- 
ally there is at present a surplus of water and the turbine being in- 
stalled at Winsor Dam will discharge this daily into the river. In the 
meantime, additional storage facilities are being continually added on 
the head waters of the Connecticut River which will make a decided 
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improvement in dry weather flows on the lower Connecticut long be- 
fore the District’s water consumption reaches the safe yield of the 
Quabbin system. 


CONNECTICUT CASE 


The Commission felt that the War Department’s permit for the 
Ware supply justified their proceeding with the sinking of shafts for 
the Quabbin Aqueduct, particularly in view of the importance of get- 
ting the tunnel started so that the Ware supply could be made available 
at the earliest opportunity. However, the awarding of the contract 
for the tunnel itself was delayed by objections raised by the State of 
Connecticut. On July 11, 1927, the Attorney General of Connecticut 
had requested information on the project and on January 16, 1928, 
filed with the Supreme Court of the United States a bill of complaint 
objecting that the proposed interstate diversion would impair navi- 
gability of the Connecticut River, would take away flood waters and 
thereby damage agricultural lands subject to yearly inundation, would 
lessen the scouring effect which prevents the river from becoming a 
nuisance and a menace to public health, etc. 

The answer of Massachusetts was filed promptly on March5, 1928, 
and subsequently amended on the basis of the War Department’s per- 
mits. After various motions and denials, Connecticut filed its reply 
on January 27, 1930, stressing the claim that the Metropolitan Dis- 
trict could obtain an adequate supply in eastern Massachusetts with- 
out the necessity for making any diversions from the Connecticut 
River. The hearings were before the Special Master, Charles W. Bunn, 
Esq. Evidence was taken in Boston and Hartford, February 18 to 
March 21, 1931, and arguments before the Master in St. Paul, Min- 
nesota, April 23 and 24, 1930. The Master’s report on May 19, sus- 
tained the position of Massachusetts, and on October 6, Connecticut 
filed exceptions. Massachusetts filed none but both states submitted 
briefs on Connecticut’s exceptions. On January 5 and 6, 1931, the 
case was argued before the Supreme Court in Washington, D. C., on 
the exceptions. On February 24, the opinion of the Court in this case 
was delivered by Justice Butler. Some of the more important decisions 
in this momentous case are as follows: 

The Master found “that the people of Massachusetts have decided 
against the eastern water supplies by passing the Ware and Swift leg- 
islation. These acts were the result of long-continued and careful 
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study.” He stated, “I think these investigations and the legislative 
acts show a public sentiment against the eastern water supplies and 
make a prima facie case that these supplies are inadvisable, either 
because inadequate or unfit”, and continued “Our governments in the 
long run are controlled by public opinion. And while an expert on 
water, acting in a strictly professional capacity, may say that he will 
disregard public opinion, municipal and other governments cannot 
take that stand. The courts it seems to me cannot close their eyes 
to the necessities imposed by public opinion on governments.” He 
took note of the fact that “It may be suggested that Massachusetts 
has lost rights which she otherwise might have had by having herself 
allowed her eastern waters to be polluted; and that she cannot profit 
by a necessity for Ware-Swift water which she has created”, but con- 
cluded ‘“‘However, her practice has not been different from that of 
Connecticut and other New England states and it is a matter of no- 
toriety that it is not different from the practice which has prevailed 
on other rivers and in other parts of our country. The pollution of 
our country’s rivers makes a pitiable record. I think Massachusetts 
should not be penalized in this fashion for following a practice which 
has been almost or quite universal in the United States.” 

The Supreme Court found that ‘‘There is nothing in the Master’s 
findings of fact to justify an inference that any real or substantial 
injury or damage will presently result to Connecticut from the diver- 
sions by Massachusetts authorized by the Acts of 1926 and 1927 as 
limited and defined by the Secretary of War’, and that ‘Drinking 
and other domestic purposes are the highest uses of water. An ample 
supply of wholesome water is essential. Massachusetts, after elabo- 
rate research, decided to take the waters of the Ware and Swift rather 
than to rely on the sources in the eastern part of the Commonwealth 
where all are or are liable to become polluted. We need not advert 
to other considerations, disclosed by the evidence and findings, to show 
that the proposed use of the waters of the Ware and Swift should not 
be enjoined.” The Court concluded that “Connecticut’s Bill of Com- 
plaint will be dismissed without prejudice to her right to maintain a 
suit against Massachusetts whenever it shall appear that substantial 
interests of Connecticut are being injured through a material increase 
of amount of the waters of the Ware and Swift diverted by or under 
the authority of Massachusetts over and above the quantities autho- 
rized by the Acts of 1926 and 1927 as heretofore limited by the War 
Department.” 
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For a more complete digest of the Connecticut case one should 
refer to a very complete paper by former Chief Engineer Frank E. 
Winsor published in the Journal of the N.E.W.W. Assoc. for Sep- 
tember, 1931, and also to the scholarly companion paper on the Law 
of Interstate Waters by the Commission’s former consulting engineer 
Thaddeus Merriman published in the same issue of the Journal. 


QUABBIN RESERVOIR 


The new work involved principally a new storage reservoir in the 
Swift River valley which has been named Quabbin Reservoir for the 
old Indian Chief Quabbin, who was interested mainly in fishing but 
who never anticipated that the white man, who crowded him out, 
would some day be interested in fishing on such a large scale. The 
most unusual thing about this reservoir is that the Metropolitan Dis- 
trict, in which people are crowded about as closely together as any- 
where in the United States, could find, only 65 miles from the State 
House, a watershed occupied by only 21 people per square mile, and 
containing a site so ideally suited to the construction of a water supply 
reservoir. The size of Quabbin is probably unprecedented among res- 
ervoirs devoted entirely to domestic water supply. It has a water sur- 
face of 38.6 square miles at Elevation 530 feet above Boston City 
Base or mean low tide. Above the original surface contours, the ca- 
pacity is 412.3 billion gallons and although the point at which water 
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is drawn to supply the District is located seven miles above the main 
dam, the site is so ideally contoured that only 10 billion gallons of 
the total is unavailable below the sill of Quabbin Aqueduct. The un- 
dulating bed of the valley contains such extensive areas of porous sand 
and gravel that ground storage is taken into account in reporting data 
on the available supply. The total available for draft to the District 
is estimated to be well above 415 billion gallons. 


REAL EstTATE ACQUISITIONS 


One outstanding feature of the work is the great size of the 
Quabbin reservation, and the fact that the District could acquire it 
with little difficuty. The operations of the Commission resulted in a 
general increase in tax valuations of not over 40 per cent, and the 
Commission acquired the very large reservation at an average cost per 
acre of about $90 net, to which $20 should be added to cover overhead, 
legal and all other costs properly chargeable to the real estate account. 
The price paid per acre varied with the type of property, roughly as 
follows: for residential property $3500, recreational property $600, 
farm property $80, woodland property $28. 

Mere figures do not do justice to the size of the area. To say 
that about 80,960 acres were acquired in the Swift Valley, as of the 
end of the last fiscal year, and about 21,100 more in the Ware Valley, 
does not mean as much as to say that this area is 10 per cent more 
than that of all the 20 cities and towns in the Metropolitan Water 
District. There certainly can be no doubt that the Commission has 
avoided the mistakes of earlier development of the District’s storage 
reservoirs by purchasing and controlling an ample area for sanitary 
protection. Nevertheless a cost comparison with water supply develop- 
ments of other large Metropolitan areas is quite favorable to ours. 
Including actual purchases and settlements and other costs chargeable 
to the real estate account, New York City spent, for its Catskill supply, 
a little over $104 per million gallons of storage capacity. Providence, 
for its Scituate supply, spent a little over $125. Massachusetts spent, 
for its Wachusett supply, about $49. The Commission has spent for 
the Quabbin supply on account of real estate including both the Ware 
and Swift watersheds only about $27 per million gallons of storage 
capacity. Even taking account of the relative over-sizing of the reser- 
voir with respect to safe yield, the cost comparison is still favorable. 

One interesting feature in connection with the real estate settle- 
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ments is that although takings by eminent domain were made to pro- 
tect the title, the actual settlements were in most Cases the result of 
agreements with the owners. These were encouraged to offer their 
property for sale. The Commission then had appraisals made by dis- 
interested experts, and in general the price paid was about 70 per cent 
of the owner’s original offer. The entire matter of the real estate 
acquisitions is covered in- excellent fashion in papers by our former 
real estate engineer, James A. Christenson, published in the Journals 
of the New England Water Works Association for June, 1940 and 
June, 1945. 

After most of the property in Quabbin Reservoir had been ac- 
quired, a single taking by eminent domain was recorded on March 
28, 1938, which broke all records so far as the extent of area and 
other features were concerned. It covered 74,886 acres in 12 towns 
and 3 counties, and required 21 plans and 97 typewritten pages. In- 
cidentally it was this taking which established the date, 30 days after 
the recording, when the four towns Dana, Enfield, Greenwich and 
Prescott were, under the legislative provisions, wiped out of corporate 
existence. 


LIQUIDATION OF TOWNS 


The liquidation of entire townships was one of the unprecedented 
features of the Commission’s work. It introduced many unique prob- 
lems not only on account of the legal necessity for maintaining the 
rights of the individual citizens of these towns, but also on account of 
the great area covered. As a result, the Commission had to assume 
many roles: of school teachers, welfare agents, fire marshals, under- 
takers, and many others, in the liquidated towns of Dana, Enfield 
Greenwich and Prescott. . 

The criterion which was followed in dividing up the area for an- 
nexation to the adjoining towns and counties was to extend the exist- 
ing town lines in all cases, except for one minor exception, so that they 
intersected the thread of the stream at one of the aera main 
branches of the Swift River, in such a way that in the future the juris- 
diction of each town will extend to the water line of the reservoir 
regardless of the extent to which the water level in the reservoir ma 
be drawn down. As a result, the 47,667 acres in the four towns oe 
three counties were realigned so that there was a net gain in et 
Franklin County of 17,959 acres and to Worcester County of 7 312 

x) 
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acres, with a corresponding net loss to Hampshire County of 25,271 
acres. Of the surrounding towns, Petersham received the largest in- 
crement, 18,837 acres; New Salem, 17,959; Ware, 7,197; Belchertown, 
1,699; Pelham, 1,368; and Hardwick, 607. 

The population of the four liquidated towns was 2,086 according 
to the 1925 census. As a result of the exodus this had decreased to 
1,378 in 1930, and to 1,119 by the census of 1935, the last one taken 
before the liquidation. The exodus continued and for the purpose of 
the statistical record, it is estimated that in the dividing up of area 
and the annexation to six adjoining towns this last recorded population 
was distributed as follows: : 

Resulting Total 
Population by Increased predated as of 


1935 census by the 1935 census 
Belchertown 3,863 40 3,903 
Hardwick 2,379 22 2,401 
New Salem 443 340 783 
Pelham 504 15 519 
Petersham 718 B2y 1,245 
Ware Nhe al NAS 7,902 
1,119 


RELOCATION OF CEMETERIES 


The removal of bodies from the reservoir area has been one of 
the most extensive operations of the Commission, and one that has 
brought it into the closest contacts with the public. It is the only ex- 
tensive operation that could be classed as construction, which was not 
done by contract. At one time there were several thriving industrial 
and farming communities in the Swift Valley. The population of many 
a town in this vicinity before the Civil War was more than double 
what it was when the Commission entered the valley. Many of the 
burials were very old and one of the exacting features of the removal 
work was the location of living representatives interested in the re- 
mains. No removals were made without first giving some interested 
representative an opportunity to be present. In case no representative 
could be found, the removal involved even more care on account of 
the necessity for preserving all available information in anticipation 
of later contacts with relatives of the deceased. On this account every 
clue regarding the identity of bodies has been preserved. 
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All work of removal was performed by a selected labor force at 
regular labor rates, and the only real difficulty and hazard was in 
the handling of large and sometimes fragile monuments. For a con- 
siderable time after the work was first organized, the Commission re- 
ceived letters from widely scattered points which indicated that some 
enterprising newspaper reporter had made up out of whole cloth a 
story to the effect that the excavations in the old cemeteries would be 
difficult and gruesome work for which wages would be paid at several 
times the rate for common labor, that applicants would be selected 
from those best qualified physically and mentally, and that all would 
have to be quarantined and sign an agreement to stay on the job. 
This story was apparently repeated in many small-town papers in 
the eastern United States and Canada, and kept cropping up for a 
period of over ten years. In one instance two men walked several 
hundred miles to make application. The writer remembers distinctly 
a letter received from a woman who wanted to get her lazy husband 
on the job. 

Thirty-five cemeteries were abolished. 7,606 bodies were removed 
and of this total, 1,010 were reinterred in more remote existing ceme- 
teries designated by the interested parties. The remaining 6,596 were 
reinterred in the new cemetery which the Commission constructed in 
the Town of Ware, and named Quabbin Park Cemetery. In addition 
nearly 300 burials have had to be made on account of deaths that have 
occurred since August 25, 1932, when the old cemeteries were closed 
by order of the Commission. 

Quabbin Park Cemetery is attractively situated on Route 9 just 
south of Quabbin Reservoir. It was originally laid out in lots of eight 
graves each and provided for approximately 12,000 burials. The de- 
velopment contains a water supply system, about 4,500 feet of drive- 
ways giving easy access to each lot, and a vault for winter storage. 
A central building is for the convenience of the public as well as for 
storage in connection with maintenance. One feature of this develop- 
ment was the inclusion of public memorials of the four discontinued 
towns, such as monuments of the Civil War and World War I. The 
pride which has justly been taken by the Commission in this work 
apparently was sufficiently contagious so that the legislature amended 
the original statute which provided that the cemetery be turned over 
to the Town of Ware, so that it will continue to be held by the Com- 
monwealth and maintained by the Metropolitan District. 
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The following interesting inscription, copied from a headstone 
in one of the cemeteries in Pelham Center which had to be partly 
re-located, is typical of a few quaint opinions engraved in the old 
cemeteries in the reservoir area: 


WARREN GIBBS 
DIED BY ARSENIC POISON 
MAR. 23, 1860 
AGE 36) YRS. 5_MOS; 

PRS ADS OSE 


THINK MY FRIENDS WHEN THIS YOU SEE 
HOW MY WIFE HATH DEALT BY ME 
SHE IN MY OYSTERS DID PREPARE 

SOME POISON FOR MY LOT AND SHARE 
THEN OF THE SAME I DID PARTAKE 
AND NATURE YIELDED TO ITS FATE 

BEFORE SHE MY WIFE BECAME 
MARY FELTON WAS HER NAME 


ERECTED BY HIS BROTHER 
WM. GIBBS 


RELOCATION OF HIGHWAYS AND PusBLic UTILITIES 


The isolated character of the reservoir site made it possible not 
only to acquire ownership of a very large reservation, but also simpli- 
fied the problem of relocations. A total of 242 miles of public high- 
ways were abandoned. In substitution, the Commission with the co- 
operation of the Department of Public Works built nearly 36 miles 
of hard-surface highways which were turned over to the Department 
to be operated as State highways. Of these relocated highways the 
first to be built ran east and west just below Winsor Dam and Quab- 
bin Dike. This new location of Route 9, between Ware and Amherst, 
eliminated the loop which extended northerly to serve the former vil- 
lage of Enfield. 

Travel north and south formerly followed old Route 21 between 
Belchertown and Athol serving the valley towns of Enfield, Greenwich 
and Dana, and paralled the Athol Branch of the Boston & Albany 
Railroad. As a result of extensive surveys and appraisals, we were 
able to make a settlement with the railroad, satisfactory to both par- 
ties, by which not only the 15.8 miles of track below the flow line but 
the entire Athol Branch between Bondsville and Athol was abandoned 
and the necessity for relocation avoided. Although the case was actu- 
ally taken into court by the railroad, this was only on account of de- 
lays caused by failure to obtain the approval of the Governor and 
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Council of the terms of the settlement, and the court award merely 
added to the original agreement interest accumulated during the delay. 
The total sum paid was less than one-quarter of the figure included 
in the original estimates to allow for the possible necessity for re- 
location. 

It was partly in consideration of the abandonment of the railroad 
that the Commission agreed to construct a north-south highway west 
of the reservoir which would be adequate to carry all through traffic 
between Springfield and Athol, including heavy truck handling of 
freight. This highway is now part of Route 202, the main artery be- 
tween New York and the White Mountains and the section which we 
constructed has been named the Daniel Shays Highway after the in- 
stigator of Shays’ Rebellion in old Pelham. The Commission con- 
structed another main east-west highway north of the reservoir, now 
a part of Route 122 between Worcester and Orange. There was no 
necessity for constructing a main north-south thoroughfare on the east 
side of the reservoir as all local needs were adequately served by the 
reconstruction of a short length of the county highway between Dana 
and Petersham. 

In addition to these roads built as substitutes for abandoned high- 
ways, the Commission constructed other hard-surface roads to meet 
its own requirements for access. These included a scenic road between 
Winsor Dam and Quabbin Dike from which the public can get un- 
surpassed views of Quabbin reservoir. This road passes the Winsor 
Memorial which overlooks the dam and spillway channel and is a 
very attractive feature of the scenic highway. This memorial to the 
former Chief Engineer of the Commission was erected by Mr. Win- 
sor’s many friends and sponsored by the Boston Society of Civil En- 
gineers and the Northeastern Section of the American Society of Civil 
Engineers. It was dedicated June 17, 1941. A branch highway ex- 
tends to a large parking area near the top of Quabbin Hill from which 
it is only a short walk to an observation tower from which a splendid 
view can be had and which also serves as a fire lookout. 

The Department of Public Works contributed toward the cost of 
construction of all highways turned over to it as State highways, a 
sum sufficient to cover the items of surfacing. There were six con- 
tracts for such State highways numbered 21, 41, 43, 44, 55. and 57. 
The total of such contributions aggregated $582,047. 

A number of public utility lines had to be relocated for the reser- 
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Tue Wrysor MEMoRIAL ON THE SCENIC HiGHwAy DEpDICATED JUNE 17, 1941 


voir. The most important of these was the 66,000-volt transmission 
line of the New England Power Company which was moved from its 
former crossing of the Swift River just below Enfield to a new 8.5-mile 
location skirting Winsor Dam. A 110,000-volt line of the same com- 
pany crosses the reservoir near its upper end but by a minor alter- 
ation at the foundations of the steel towers the necessity for relocation 
was avoided. 
Winsor DAM AND QUABBIN DIKE 


In order to impound the water in Quabbin Reservoir, it was nec- 
essary to construct two large dams with deep foundations. These were 
necessary to close two pre-glacial valleys which had been filled to great 
depths with irregular deposits of washed material sufficiently porous 
to require a water cut-off to sound ledge. Although only one of these 
valleys is occupied by the present Swift River, they are both of ap- 
proximately the same dimensions as far as the bed rock is concerned. 
The following tabulation shows the principal dimensions of these two 
important dams: 


Winsor Quabbin 

Dam Dike 
Height above the lowest ledge surface 295 feet 264 feet 
Maximum height above the stream bed 170 feet i omteet 
Maximum depth of water below the flow line io Omieet 115 feet 
Length at the top or road level 2,640 feet 2.140 feet 
Number of cubic yards above original surface 4,000,000 2,500,000 
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First WATER OveR WINSOR SPILLWAY JUNE 22, 1946 


Some previous experience in the sinking of a row of caissons to 
form a cut-off wall was available from the construction of the Wyman 
Dam of the Central Maine Power Company. For the two structures 
at Quabbin, this plan was carried further by the preliminary lowering 
of the ground water level to reduce the amount of work necessary to 
be done under compressed air. This illustrates in excellent fashion 
a typical procedure on much of the Commission’s work, namely liberal 
expenditures for preliminary investigations, studies and design charged 
to the engineering account, in order to lessen the Contractor’s risk. 
In this case, the Commission sank under a preliminary contract an ex- 
ploratory caisson at each of the two dam sites and also lowered the 
ground water by pumping for a year or more in advance of the main 
contract work. As a result of this method of doing the work, 1,418 
vertical feet of caisson sinking at Winsor Dam, and 1,402 feet at 
Quabbin Dike were done in free air, which otherwise would have re- 
quired compressed air, and only a relatively small sinking depth of 
60 feet at the Dam and 38 feet at the Dike had to be done under air 
pressures in excess of 18 pounds, per square inch, the legal limit for 
working full 8-hour shifts. Foundations by the conventional open-cut 
method would have cost three times as much. 

No problem was involved in taking care of the flow of the small 
brook past the site of Quabbin Dike since the local drainage area in- 


EXTENSION OF METROPOLITAN DISTRICT WORKS 167 


volved was only 1.6 square miles. To divert the Swift River past the 
site of Winsor Dam, it was necessary to construct a diversion tunnel 
30 feet wide, 28 feet high and 1,230 feet long through sound ledge 
under the southwest abutment, in order to make sure that the con- 
struction of the Dam would be completed expeditiously and all risk 
of damage from floods eliminated. One very interesting, and in fact 
unique, feature of the design was the use of a siphon to carry the 
entire low flow of the river during the final operation of permanently 
plugging the tunnel. The upstream leg of this siphon was embedded 
in the tunnel lining and left undisturbed. The downstream leg was 
designed to be later converted for use as a part of the main penstock 
from the bottom of the permanent intake gate well to the outlet works 
downstream. The central or temporary portion was constructed of 
36” cast-iron pipe conveniently located in the dry well above the plug- 
ging operations. The vacuum was created without difficulty by means 
of a small air pump and maintained itself automatically. At the con- 
clusion of the operation this entire central section was broken out and 
removed, and the space entirely enveloped in the solid concrete plug. 
This procedure eliminated any precarious work to make the final 
closure in close quarters below the water level. 

At the outlet end of this stream diversion tunnel is located the 
control works in which we are now engaged in installing a hydro- 
electric plant to take advantage of the available head and of the dis- 
charge which must be released to the river below. A single unit is 
being installed in a vertical-shaft setting, having a capacity of 1700 
horsepower. This is capable of making economical use of the daily 
minimum release concentrated in the hours when most useful, of the 
maximum continuous release required under any stipulations of the 
War Department, and what would otherwise be unavoidable spillway 
waste over a period of many years. The power developed in this man- 
ner is not commercially valuable except as an increment to the load 
on a large and flexible system. Accordingly it will be sold to the New 
England Power Company at the price agreed, for the greater bulk of 
the energy developed, of 6.25 mils. In these control works provision 
is made for taking off an aqueduct line for any future local water 
supply needs that may develop, such as the supplying of towns in the 
Chicopee Valley. The first portion of the Winsor Dam embankment 
to be built was the upstream cofferdam constructed of the material 
excavated from the river diversion tunnel and from its extensive por- 
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tal cuts. This cofferdam built to a height of 50 feet above the bed of 
the river together with a much lower downstream cofferdam completed 
the unwatering of the dam site. 

The embankment of each of the two dams was constructed first 
by filling arcund the top 25 feet of the caisson core wall with rolled 
impervious soil to a sufficient extent to no longer require the ground 
water level to be depressed. The main embankment was then con- 
structed by the full-hydraulic method which consists of sluicing se- 
lected material to the site allowing the coarser gravel and sand to build 
up the upstream and downstream shoulders, and the finest material 
to be washed into the central pool to settle slowly and to form the im- 
pervious core. This method of construction is well-known and there 
were no unusual features except that it was possible by selecting the 
proper borrow pits as the work progressed to obtain an ideally graded 
material, coarse enough to give well drained shoulders and containing 
very little excessively fine material such as true clay. The resulting 
core was sufficiently impervious, yet drained and consolidated at a 
rate which not only insured stability throughout the period of con- 
struction but also an ideally compact structure. One minor innovation 
might be mentioned, namely the construction of three inspection wells, 
two in the Dam and one in the Dike, consisting of 36” steel cylinders 
with observation ports 8 feet apart staggered to look alternately up- 
stream and downstream. From these ports, samples of the core ma- 
terial were taken to check the rate of consolidation. 

Concise presentations of important data on the construction of 
the Winsor Dam and Quabbin Dike can be found in papers presented 
by Assistant Chief Engineer Stanley M. Dore to the Boston Society 
of Civil Engineers and published in that Society’s Journal for July, 
1935, and presented to the American Society of Civil Engineering and 
published in its Proceedings for March 1936 and September, 1937. 

For the release of water to the river and for local water supplies 
that may be taken off at Winsor Dam, provisions have been made for 
manipulating shutters from the floor of the Inlet Works building to 
draw water at a depth cf about 100 feet, about 60 feet, or at any 
depth within 30 feet of the surface. 


CLEARING AND REFORESTATION 


‘Final clearing below the flow line was done under five contracts 
executed in October, 1938, one year before the start of filling the res- 
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ervoir. These covered the entire area except for an experimental area, 
which we cleared by force account as a demonstration before bids were 
opened. The commission had previously cooperated in an unemploy- 
ment relief clearing project undertaken by the commonwealth in 1936 
on which about 4300 men were employed and $1,840,000 spent in- 
cluding some still being paid as compensation for injuries to inexperi- 
enced axemen. Clearing above the flow line was generally confined 
to the elimination of food species favored by growing gypsy moths, 
caterpillars. ; 

One feature of the Commission’s activities, the program of re- 
forestation, is particularly interesting on account of its size. It also 
involved procedures in nursery work and broad planting which were 
interesting but more or less routine. This work extended over the last 
12 years from 1935 to 1946 and in that time a total of about 10,200,000 
trees were planted, with a survival of 85 to 90 per cent. In addition, 
the nursery beds yielded about 3,800,000 seedlings and 3,500,000 trans- 
plants which were surplus because of the shortage of labor the last 
few years. In the Swift watershed alone the total area planted was 
about 6200 acres. A most interesting account of this work was pre- 
sented by the Commission’s Forester Russell Snow before the New 
England Water Works Association and published in its Journal of 
March, 1947. 

QUABBIN AQUEDUCT 

Quabbin Aqueduct brings the water from the new Quabbin Res- 

ervoir, with flow line at Elevation 530, to the old Wachusett Reservoir 


with flow line at Elevation 396.5. It was located so as to pass directly 
beneath the Ware River Diversion Works and the valves which control 


Ware River Diversion WorkKS 
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the flow are located at the Wachusett end. The entire works were 
designed in such a way that the flood flows of the Ware River can 
be diverted by a vertical drop into the tunnel and made to flow west- 
erly to an outlet on the Quabbin shore, and thence through a devious 
course involving long-time storage in the upper end of the reservoir. 
Although the entire work is being described in this paper in what 
might be called a hydraulic rather than a chronological order, the con- 
struction actually started at the east end in order to complete the so- 
called Wachusett-Coldbrook section of the tunnel and make the Ware 
diversion available as soon as possible. To hasten the work, contracts 
for the construction shafts were awarded first and progressed while 
two main tunnel contracts for this Wachusett-Coldbrook section were 
being prepared. As it worked out, both these tunnel contracts were 
assigned and became in effect a single contract which involved the 
largest sum in any contract of the Commission, namely $7,642,881. 
The subsequent extension of the tunnel to the east branch of Quabbin 
Reservoir was done under one contract including both shafts and tun- 
nel, which amounted to $4,809,853. In all there were 12 shafts from 
which construction was carried on and another numbered 11-A, which 
is the uptake through which the flood waters of the Ware are deliv- 
ered into Quabbin Reservoir. 

At the time the tunnel was built, it was of unprecedented length. 
It is so long that if you stood at one end and had good enough eyesight 
to look through it horizontally, you would be looking at a point about 
200 feet higher at the other end on account of the curvature of the 
earth. Although it is operated as a pressure tunnel, it was constructed 
for practically its entire length of the less expensive grade-line type. 
This was made possible because it is so deep underground that the 
natural ground water level is everywhere above the hydraulic grade 
inside the tunnel. The only important exception is for a distance near 
the downstream end and even here the cheaper grade-line construction 
was continued by lowering the invert so that the tunnel is everywhere 
embedded in 200 feet of solid ledge. Any outward leakage here merely 
finds a shorter route into Wachusett Reservoir and is unimportant. 

A typical construction shaft was 14 feet in diameter inside the 
concrete lining and shaft depths varied from 200 to 656 feet. The pro- 
cedure at each shaft head, particularly those in the watershed of a 
public water supply, was to purchase about 25 acres in order to find 
a sufficient area to dispose of the tunnel spoil, to create a basin for 
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the collection and disinfection of the tunnel drainage from which local 
storm drainage had to be bypassed. The rock was generally sound 
and of igneous origin throughout the total length, varying from true 
schists to gneissoid granites. Only 1.52 per cent of the entire length 
required permanent timber support and only 0.41 per cent temporary 
support. The distance between shafts varied from about 8,800 to 
16,700 feet and the headings met with an average divergence in the 
line of 0.42 foot, and an average discrepancy in the grade of 0.06 foot. 
A complete geologic record was kept as the work progressed and this 
is published in the Annual Report of the Commission for the year 
1935. The tunnel was lined with concrete and was 11’ wide and 12’9” 
high inside the lining. One unusual feature was necessitated by the 
fact that the east end, or Wachusett-Coldbrook section, was built first 
and put into operation for the diversion of Ware floods while the west 
half was being excavated. This required a massive steel bulkhead 
containing two swinging tide-gate doors of special design, and involved 
complications in the handling of water during the burning out and 
removing of the bulkhead. 

Reverting again to the hydraulic instead of the chronological or- 
der, the Intake at Shaft 12 is designed so that, by the manipulation 
of shutters from the floor of the head house over Shaft 12, water can 
be drawn from an average depth of 83 feet through a submerged in- 
take, extending out from the original tunnel portal. The entrance to 
this intake has an area of about 475 square feet most of which con- 
sists of 36 openings 1 foot wide between Elev. 442 and 454. Shutters 
also provide draft from any upper levels between the flow line and 
a depth of 44.67 feet. 

At the Ware Intake over Shaft 8, the flood flows in excess of 85 
m.g.d. are automatically diverted up to the capacity of the tunnel 
which is approximately as follows: 


From Ware Intake to Quabbin Reservoir 980 m.g.d. 
and simultaneously to Wachusett Reservoir oye) 
Total 2000 24 
From Ware Intake to Quabbin (none to Wachusett ) 600) 


The full drop to the bottom of the shaft is about twice that over 
Niagara Falls. The shaft has a cast-iron lining with helical vanes. 
These vanes and the action of centrifugal force make the impact of 
a direct fall impossible and effectively dissipate the energy. On ac- 
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count of the friction loss in the tunnel, the higher the rate of diversion 
the less the drop at this shaft. For example in ordinary operation, 
100 tons a second has a free fall of 120 feet; 500 tons a second, 75 
feet. 

At the top of Shaft 2 a spillway of unusual design prevents ex- 
cessive head on the control works at Shaft 1 under any condition of 
operation. In the Wachusett Outlet Works Building at the top of Shaft 
1, we are now preparing to install a 5,000-H. P. water wheel, under 
a contract which was delayed on account of the war. There will be 
a single vertical-shaft unit to utilize normally about 85 per cent of 
the drop of about 135 feet between Quabbin Reservoir and Wachusett 
Reservoir; the remaining 15 per cent being lost in friction in the 24.6- 
mile tunnel penstock. The arrangement with the New England Power 
Company to buy the power is similar to that at the Winsor Dam 
plant. However, the conditions of operation are most unusual on ac- 
count of the impossibility of governing the flow in the long tunnel. 
The power company must absorb the power as it comes, with the tur- 
bine running wild, so to speak. 


WACHUSETT RESERVOIR 


Quabbin Aqueduct discharges into the upper end of Wachusett 
Reservoir, which has been the main source of the District since its 
organization and since the reservoir was first filled in 1908. It has 
served the District remarkably well. It has a very clean bottom and 
over a year’s storage and has continued to deliver water that is low 
in color and that has shown practically no deterioration in quality 
as yet, in spite of threats from increasing population close to the up- 
per end of the reservoir. The commission has made preliminary plans 
for a branch line to divert sewage from West Boylston into the Rut- 
land-Holden trunk sewer. The clearing up of this situation is one of 
the “musts” that lies ahead, but the actual accomplishment will have 
to wait until a town sewerage system is constructed to match the 
water supply system which the town recently installed. 

The Quabbin-Wachusett reservoir system is the source from 
which the Metropolitan water system may be expanded to supply the 
needs of other areas or districts. The construction of new aqueducts 
for such purpose is more than a possibility. Special Legislative com- 
missions have pointed out the desirability of supplying towns in the 
Merrimac Valley by an aqueduct extending northeasterly from Wa- 
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chusett Dam and of supplying towns in and near the Chicopee Valley 
by an aqueduct extending southerly from Winsor Dam. 


THE NEED OF THE NEw SUPPLY 


The question has often been asked as to how badly the new sup- 
ply was needed. It is natural to expect such a question from the tax- 
payer who sees water running to waste over the spillways of the Dis- 
trict’s storage reservoirs, because it is difficult to explain to the public 
the meaning of the safe yield of a watershed. The simple explanation 
is, of course, that public water supplies, such as that of the District, 
are designed to furnish water during the periods of drought. These 
are the only periods that count. There is always plenty of water at 
other times. The main criterion in designing the reservoirs is to make 
them large enough to hold flood waters when they do come, for dis- 
tribution later during a period of drought. 

This is well illustrated by the accompanying graph (fig. 1) which 
gives a concise record of the fluctuations in Wachusett Reservoir for 
the past 40 years, ever since it was first filled in 1908. During the 
early years when the rate of consumption was much lower than now, 
this reservoir had no difficulty in storing enough of the flood waters 
to take care of the dry seasons even though the entire period from 
1908 to 1915 was definitely one of deficiency in rainfall and runoff. 
_In fact this period was so dry that it still furnishes us the outstanding 
basic record for computations of safe yield of watersheds over a long 
term. Nevertheless in 1919 the Department of Public Health began 
to worry about the ability of the system to continue to supply the 
growing needs of the District; but the general public as represented 
by the legislature did not get sufficiently worried to authorize the 
new supply until faced with an actual drought in 1926. In spite of 
the fact that practically no new customers have been added in the last 
40 years, the graph clearly shows that even as long ago as 1926, the 
consumption had increased to such an extent that this drought of 
only two years’ duration produced a very severe drop in the reservoir 
level. 

The legislature not only authorized the new supply from the 
Ware and Swift rivers, but recognized it would take many years to 
make it available and authorized the immediate construction of works 
that would make an emergency supply available from the South Sud- 
bury area. The Metropolitan District Water Supply Commission thus 
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Fic. 1—FLUCTUATIONS IN LEVEL OF WACHUSETT RESERVOIR. 


organized late in 1926, built in 1927 seven miles of pipe lines from three 
South Sudbury reservoirs. This emergency supply was not used to 
any great extent because the drought was brought to a sudden end by 
the so-called Vermont flood in the fall of 1927. The record of this and 
the subsequent sequence of dry and wet periods are clearly shown 
on the graph. 

The next serious threat was the drought of 1930-31 and this too 
was short-lived. The new supply from the Ware was then available 
and the first diversion was made March 21, 1931. The growing inade- 
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quacy of the Wachusett Reservoir to store enough of the flood flows 
to carry over a severe drought at that time is well illustrated on the 
graph. The spillway overflowed in both 1928 and 1929. Nearly 10 
billion gallons were spilled in 1929. Nevertheless in February, 1931, 
the level had been pulled down about 46 feet. The graph clearly shows 
the subsequent occurrence of a series of wet years culminating in the 
unprecedented floods of 1936 and 1938. It also shows that even in 
spite of these floods, Wachusett Reservoir would have been practically 
empty five years ago if it had not been for the new supply. 


PWA PrRojEctTs 


Ten or more years ago when Federal Aid for public works was 
getting into full swing, the Commission did not see any special benefit 
to the Commonwealth of Massachusetts in encouraging that policy. 
However, it became increasingly evident that there was no point in not 
joining the parade—in fact, very probably, a disadvantage in not do- 
ing so. As a result of an application for Federal assistance made in 
1938, the Commission received one of the largest of the PWA 40 per 
cent grants. The application was centered on the construction of the 
pressure aqueduct and included not only numerous accessories con- 
nected with its operation, but also certain projects not connected in 
any way with the pressure aqueduct. Two applications were originally 
made to embrace all these items but as far as the grant was concerned, 
they were later incorporated into one account. 

In addition to a number of minor contracts, the following major 
contracts were included in this PWA grant: 


Contract No. Description 

Ol, 02, 63, 77 Clearing the Quabbin Reservoir Site 

64 Service Buildings along Quabbin Aqueduct 

66, 106 Shallow Flowage Dams at Upper End of 
Quabbin Reservoir 

73, 89 Weston Aqueduct Siphons 

74, 75, 76, 77, 78, 79, 81, 84, 85, 86 The 18-Mile Pressure Aqueduct 

80, 96 Norumbega Distributing Reservoir 

82, 107, 109, 124 Scenic Road and Quabbin Hill Buildings 

83 Spot Pond Bypass 

93 Closing Gap in East Branch Bafflle, Quabbin 
Reservoir 

94, 110 Shaft 5 of City Tunnel 

99 Enlargement of Fells Reservoir 

108 Utility Wharves for Quabbin Reservoir 

111 Winsor Dam Outlet Works Building 


116 Quabbin Cemetery Building 
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Several of these contracts had already been advertised, and bids 
for the work received, before the Federal grant was approved to in- 
clude them. In each case the low bidder agreed to accept the work 
under a PWA contract without change in the bid price. 

The total sum received as Federal aid, 40 per cent of the ag- 
gregate expenditures approved under the terms of the PWA grant, 
was $7,073,004. 

OBSOLESCENCE OF AQUEDUCTS 


It is one thing to create a good water supply and another to main- 
tain its purity. It is confidently hoped that effective steps can be taken 
to preserve and protect the Wachusett source. At least some of the 
old grade-line aqueducts passing through populated and polluting areas 
have already become obsolete and another will soon become so. 


HuULTMAN AQUEDUCT 


The construction of the new pressure aqueduct, recently named 
the Hultman Aqueduct, was authorized by the legislature as a result 
ef a special joint report in 1937, by the Metropolitan District Water 
Supply Commission and the Department of Public Health, relative to 
improvements needed in the distribution system and to the prevention 
of pollution. This new aqueduct takes the water at the outlet chamber 
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of Wachusett Aqueduct and will ultimately deliver it to the District 
without exposure, except at the distributing reservoirs which equalize 
the rate of flow by taking care of the daily and weekly fluctuations 
in the consumption. The program in its larger phases not only includes 
the construction of the pressure aqueduct but also the elimination of 
sources of pollution connected with the existing works, the improve- 
ment of existing distributing reservoirs and pipe lines, and the con- 
struction of new distributing reservoirs. 

The Wachusett Aqueduct had supplied the Sudbury Reservoir 
through an open channel which received a great deal of pollution lo- 
cally. The upper 2400 feet of this channel was converted into a reser- 
voir by raising the banks and diverting all local drainage through 
parallel channels to the downstream end. This reservoir serves as an 
equalizing basin between the grade-line Wachusett Aqueduct and the 
pressure Hultman Aqueduct. At its lower end a diversion spillway 
was constructed with head works which divert the water into the new 
aqueduct. Just below these head works, provision is made by which 
the aqueduct can in the future be extended, parallel to Wachusett 
Aqueduct, so as to take water directly from the outlet works at Wa- 
chusett Dam. This would not only materially increase its capacity but 
would also make it possible, if it should become necessary to do so, 
to construct on this extension a filtration plant capable of filtering the 
entire supply to the Metropolitan area. 

The aqueduct bypasses Sudbury Reservoir by tunneling under 
it, and the gates which control the flow are housed in works at the 
top of the uptake shaft just below the old Sudbury Dam. At these 
control works, the flow can be divided by diverting into the head house 
of the old Weston Aqueduct at rates up to 100 million gallons daily, 
sufficient to meet all present and future needs of the District’s low 
service supplied from the Weston distributing reservoir. In this way, 
Sudbury Reservoir itself which has supplied the Weston Aqueduct can 
be bypassed and held in reserve. The Hultman Aqueduct continues 
at the higher level to a new distributing reservoir in Weston, called 
Norumbega Reservoir. Its flow line is at Elevation 274.5 above Bos- 
ton City Base or 74.5 feet higher than the Weston low service reservoir, 
but its level is subject to fluctuation on account of the fact that it 
rides as an equalizer on a pressure aqueduct instead of on a grade- 
line aqueduct. 


The entire system must operate on flat gradients: 278.5, elevation 
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Practnc 12’6” Pre-Cast Pipe IN THE HULTMAN AQUEDUCT 


of the spillway crest of the diversion dam at the aqueduct intake; 
274.5, elevation of the spillway overflow at Norumbega Reservoir; 
271, elevation of normal high water in the Fells distributing reservoir 
on the Northern High Service; and 264.5, elevation of the proposed 
flow line of a new distributing reservoir at the extreme limit of the 
Southern High Service in the Blue Hills reservation. It is because the 
existing works dictated this necessity of flat gradients that the aque- 
duct had to be constructed of such size, almost unprecedented in fact, 
for trench laid pre-cast concrete pipe. 

The contract for the manufacture of the pipe and its delivery 
alongside the trench, although not the largest single contract executed 
by the Commission, was noteworthy both as to size and speed of exe- 
cution. The manufacturer erected his plant in the first three months 
of 1939 on a site in Natick, which was ungraded and required start- 
ing from scratch. This involved not only a huge outdoor casting plant, 
but also a large steel plant and a concrete plant, all designed to turn 
out every day 24 complete pipe sections 111%’ diameter x 16’ long 
weighing up to 50 tons, requiring steam curing for 48 hours after the 
forms were removed and water-jet curing for an additional 12 days. 
In addition to meeting this schedule, the steel plant was also required 
to fabricate the cylinders and cages for still larger pipe, 12°6” inside 
diameter x 12’ long, these to be hauled to the location of another con- 
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crete plant which had to be built in Southborough near the pipe trench 
to avoid the difficulty in transporting such huge finished pipe sections 
from the plant in Natick. 

The delivery of pipe was started early in June, 1939. Although 
the contract called for completion in ten months, or before April 1, 
1940, the pipe was practically all manufactured and 90 per cent de- 
livered before the end of 1939. The laying of the pipe was divided 
into five other contracts. Two of these were performed by a contractor 
from the west coast with previous experience, but equally effective 
work was done by local contractors who had not previously handled 
pipe laying work of this magnitude. A most interesting and instructive - 
paper on the design and construction of this aqueduct was prepared 
by Assistant Chief Engineer Stanley M. Dore, and published in the 
Journal of the N.E.W.W. Assoc. for September, 1941. That portion 
of the Hultman Aqueduct constructed to date includes the equalizing 
basin above the Intake and the new Norumbega Distributing Reser- 
voir in Weston. The completed portion of the closed aqueduct ex- 
tending from the Intake to the downtake shaft, No. 5, at the Charles 
River is 18 miles long and includes nearly five miles of tunnel under 
the Sudbury Reservoir. 

The portion of the Hultman Aqueduct now under construction 
extending from the Charles River to Chestnut Hill is 5% miles long 
all in deep rock tunnel. The completion of this City Tunnel, so called, 
is one of the most pressing requirements that lies ahead of us. It is 
urgently needed not only as a sanitary safeguard of the District’s wa- 
ter supply, but also to supplement one of the weakest links in the 
distribution system so far as capacity is concerned. The legislature 
was concerned about this matter eleven years ago and in Chapter 48 
of the Resolves of 1936, called for an investigation by the Commission 
and the Department of Public Health, already referred to above, rel- 
ative to improving the distribution of water and preventing its pol- 
lution. The report of the joint board on this subject was published 
as House Document 262 of the year 1938, and recommended among 
other things “the immediate construction of .. . a section of pres- 
sure aqueduct about 534 miles long between a point near the Weston 
Aqueduct terminal chamber and a point near the Chestnut Hill Pump- 
ing Station.” One of the reasons why this particular section: was not 
built first was that the entire aqueduct construction was a PWA 
project. The length of time required to sink the shafts, excavate and 
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line the tunnel and put it into service was much too great to meet 
the Federal requirements. Accordingly all efforts were concentrated 
on completing the 18-mile section west of the Charles River by divid- 
ing up the contract work, as already described. A satisfactory schedule 
was worked out for the rapid completion of the 3-mile tunnel section 
under the Sudbury Reservoir only by working from 4 closely spaced 
shafts, about one mile apart. 

Then came the war which further delayed the work on the City 
Tunnel end of the line. The completion of this tunnel and the elimi- 
natin of pumping at Chestnut Hill would correct admitted weaknesses 
in the Southern High Service delivery which supplied many important 
war industries, extending all the way from the Watertown Arsenal to 
the new shipyards across the Fore River from Quincy. On that ac- 
count, the work received the endorsement of many highly placed Army 
and Navy officers and of other Federal agencies. In spite of this, the 
Commission was unsuccessful in obtaining permission to proceed with 
the work during the war on account of the fear that nothing could 
be accomplished in time to be of use in the war effort. The Commis- 
sion was encouraged by the Federal authorities investigating the mat- 
ter to study the possibilities of hastening the work, and surveys were 
made and plans drawn for doing the work from seven closely spaced 
shafts. The extra shaft sites, since abandoned, were on the Brae Burn 
golf course, the Newton Center playground and an area near the Ham- 
mond Pond Parkway. These efforts, however, were of no avail and 
in the meantime construction costs mounted and the consumption re- 
quirements of the District continued to tax the existing water supply 
lines. 

At the present time, we are sinking two shafts, numbered 6 and 7. 
The tunnel will be constricted from the bottom of these shafts and 
also from the bottom of Shaft 5, which was sunk as a part of the first 
project. 

Shaft 5 is located on the west bank of the Charles River at the 
easterly limit of the location on which it seemed practicable to use 
surface pipe, and where it was considered necessary to drop into deep 
hard rock tunnel under the closely built-up areas in Newton and Bos- 
ton. The site so dictated could not be located at ledge outcrops and 
a caisson had to be sunk under compressed air to reach the surface 
of sound ledge, about 75 feet below the water level in the river. This 
is a multiple purpose, 3-way shaft. At the bottom of the shaft, about 
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355’ below the surface, there will be a chamber for tunnel unwatering 
pumps discharging into the Charles River above. This underground 
pumping station can unwater, for inspection or for any other emer- 
gency, not only the entire City Tunnel but also any future branch 
tunnel that may some day be required as the northerly leg of a loop 
distribution tunnel serving the Metropolitan area. Such a loop tunnel 
may never be built but provisions made for it are typical of the thought 
given to what is ahead, which we cannot afford to overlook in design- 
ing major works of this character. The central well in Shaft 5 is a 
dry well for access to the pump chamber. One of the side wells is 
the downtake to the City Tunnel, and the other to the future loop 
tunnel. The valves controlling the flow will be housed at the surface 
and make provision for connecting either or both of the downtakes 
to the surface conduit from Norumbega Reservoir, and also to a second 
duplicate and parallel conduit which some day may be constructed 
between Norumbega Reservoir and this downtake shaft, regardless 
of whether or not a corresponding duplication is required of the entire 
cut-and-cover line from the main control works at Sudbury Dam to 
Norumbega Reservoir, provision for which has been made. 

Shaft 6 is now being sunk on land on Commonweath Avenue be- 
longing to the Newton Cemetery Corporation. The cemetery now 
owns a large tract which could only be developed for burial purposes 
by filling a large swampy area extending for a considerable distance 
from the Avenue. The Commission has made an agreement with the 
cemetery which is mutually advantageous, and which will leave the 
area in a satisfactory condition for the development of a major ex- 
tension of the useful burial area with another main entrance from 
Commonwealth Avenue supplementing the present area from Walnut 
Street. Under this agreement, the Commission will strip and save all 
available soil, will use the rock spoil excavated from the tunnel for 
filling to the contours desired by the Cemetery’s landscape architect, 
and will replace the soil on the finished surface. Although the rock 
now being excavated from the shaft itself, and used to fill an area 
which will be used for access and not for graves, contains some large 
pieces, our experience in the excavation of tunnel bores is that the 
Contractor finds it advantageous to regulate his use of powder so that 
the spoil is relatively fine. In fact, the run of material in tunnel spoil 
along the Quabbin Aqueduct would make an excellent tennis court. 
In any event, the Contractor will be required to use special care in 
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placing the top 5 feet, screening out all large stones. This shaft is 
mainly for construction purposes but in it will be installed an uptake 
pipe principally for the purpose of supplying the City of Newton. 
Anticipating the necessity of ultimately supplying the entire City from 
this point, the Commission will construct a foundation for a pumping 
station. A future lift at this point will be necessary since Newton’s 
distributing reservoir is nearly 50 feet higher than Norumbega Res- 
ervoir. This station will be noiseless in operation, and designed to 
match in attractive appearance the buildings of the Cemetery Cor- 
poration. 

Shaft 7 is now being sunk on a point of land jutting into the un- 
used Lawrence Basin of Chestnut Hill Reservoir. This basin is sep- 
arated by a dividing wall from the larger Bradley Basin, which is 
supplied from the low service mains and from Sudbury Aqueduct, and 
from which the pumps in the Chestnut Hill station now lift the water 
about 120 feet to supply the Southern High Service. They must con- 
tinue to do so until the City Tunnel is completed. This shaft is a 3- 
way shaft principally to permit the installation at the surface of con- 
trol gates which can isolate any one of the sections of distribution 
tunnel radiating from this central point. One branch will be extended 
northerly in the future to eliminate the present pumping at Spot Pond 
to the Northern High Service. This northerly extension together with 
the City Tunnel from Shaft 5 can, when and if the rate of consumption 
and other conditions in the District warrant it, be further extended 
to form the tunnel loop, previously referred to, and thus give the Dis- 
trict an ideally safe 2-way system of gravity distribution. Although 
such a tunnel loop is something for the more remote future, the ex- 
tension of the single deep rock bore to the north is a definite necessity 
that lies ahead for the Water District if it continues to grow. From 
this Shaft 7 another branch, included in the main City Tunnel con- 
tract soon to be advertised, will extend southeasterly to an uptake 
shaft, numbered 7A, in the rear of the Chestnut Hill pumping station 
and conveniently located for connection from the end of the branch 
to the discharge mains of the Southern High Service pumps thus add- 
ing about 15 or 20 feet to the hydraulic grade at that point. Provision 
will be made for a still further extension to the southeast in case ex- 
pansion of the District in that direction makes it necessary. 
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Future NEEDS OF THE DISTRIBUTION SYSTEM 


Although the new watersheds that have been developed provide 
an ample supply, at the source, the capacity of the distribution system 
to deliver the water to the member municipalities in the Metropolitan 
area has, over the years, barely kept pace with the increase in con- 
sumption. In 1924, the Water Division of the Metropolitan Dis- 
trict Commission began major reinforcements of the system by 
constructing additional supply mains from the outlet chamber of 
the Weston Aqueduct. During that year and the next, the Division 
issued $2,238,000 worth of long-term serial bonds for such con- 
struction and were able to reinforce the supply mains so that Spot 
Pond, at the north end of the District, could be served without 
resulting to low service pumping from Chestnut Hill Reservoir. Since 
that time no more serial bonds have been issued by the Metropolitan 
District Commission and its Water Division has been dependent upon 
annual appropriations by the legislature seldom over $400,000, and 
in some years less than $200,000 for the extension of the system of 
main supply lines. Appropriations generally do not equal the amounts 
budgeted by the Division for such necessary extensions and as a re- 
suit the Division is continually handicapped in meeting the increasing 
needs. 

The elimination of all pumping at Chestnut Hill is only one of 
the purposes of the new Hultman Aqueduct. Until the City Tunnel 
section of this aqueduct can be completed, the supply mains from the 
Weston Aqueduct are the main reliance of the District in distributing 
the supply to the different municipalities, since these supply mains 
are the only water routes into the Metropolitan area with the exception 
of the old Sudbury and Cochituate grade-line aqueducts. The Sudbury 
Aqueduct now has to bring in about 45 mgd because there is no other 
way of getting enough water to Chestnut Hill. This old grade-line 
aqueduct was found unsatisfactory from a sanitary standpoint 10 
years ago by a joint board consisting of the Department of Public 
Health and the Metropolitan District Water Supply Commission, which 
recommended the immediate construction, at that time, of the 534-mile 
section of the Pressure Aqueduct, which we now call the City Tunnel, 
in order to eliminate the sources of pollution involved in the continued 
use of the old Sudbury Reservoir and Aqueduct. The Cochituate Aque- 
duct was also found unsatisfactory and the entire Cochituate source 
of supply has since been abandoned, and about to be turned over to 
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the Department of Conservation for recreational use as provided in 
the current Senate Bill 517. The low service mains from the Weston 
Distributing Reservoir enter the District by three routes: by cast-iron 
mains in Commonwealth Avenue, by a steel main northerly through 
Arlington, and by a steel main along the Charles River to Brighton. 
These low service mains do not have sufficient capacity to carry the 
present consumption all the way from Weston Reservoir to Chelsea. 

This situation is met at present by connecting the Arlington Line 
to the new Hultman pressure aqueduct and Norumbega Reservoir at 
74 feet higher elevation than Weston Reservoir, thereby increasing 
the capacity of this line so that it can bleed about 7 mgd into the 
northerly end of the low service, where it is most effective. This timely 
increased pressure in the Arlington line is necessary to supply local 
requirements of another 7 mgd along the line, including 4 mgd to feed 
the Northern Extra High Service pumps in Arlington and Belmont, 
and this pressure is sufficient to supply directly without pumping an- 
other 4 mgd to what was formerly a part of the Northern High Service. 
This Arlington line continues to supply the Northern High Service 
pumps at Spot Pond but now delivers to the pump sump only about 
12 mgd or 34 as much as before the increased pressure in the Arling- 
ton line made it possible to supply an area in Medford and Somerville 
without pumping. Even under the higher head of Norumbega Reser- 
voir, this Arlington line can deliver only about 30 mgd. It could not 
do much more without reducing the head on the Extra High Service 
pumps, particularly those in Arlington. 

This situation is further relieved at present by connecting the 
Brighton line with the new pressure aqueduct and bleeding a controlled 
quantity of something like 38 mgd or more from this higher pressure 
into the low service in Brighton. These connections to the higher 
gradient necessarily decrease the quantity that can be delivered 
through the Weston Aqueduct since such delivery must now be con- 
fined to the capacity of the only remaining supply mains, in Common- 
wealth Avenue, only about 56 mgd. The principal advantage the com- 
pletion of the City Tunnel will have in this respect is to allow bleed- 
ing from the Hultman Aqueduct to the low service by way of a pro- 
posed connection at Lake Street thus allowing the Brighton line to 
be reconnected to the Weston Aqueduct supply. 

As the consumption increases and the loss of head in the low ser- 
vice distribution is consequently increased, it will be necessary either 
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to drop the gradient somewhat at the Chelsea end or raise it at the 
Lake Street end which will reduce correspondingly the ability of the 
Weston Aqueduct to deliver the low service requirements. Another 
effect of increasing consumption will be that the Arlington line, which 
supplies the entire Northern High and Northern Extra High services 
as well as the municipalities enroute, will be taxed more and more, 
so that in order to maintain a satisfactory gradient at the Arlington 
pumping station, it can bleed less and less to the northerly end of the 
low service. These situations will hasten in a cumulative fashion the 
time when the distribution tunnel will have to be extended northerly 
from Shaft 7. 

Such an extension of the distribution tunnel will make it possible 
to practically stop the disadvantageous bleeding into the low service 
at Lake Street and to supply the entire northern high service by grav- 
ity, thus taking this load off the Arlington line and allowing the low 
service to be again advantageously boosted at its northerly end, either 
by direct bleeding from the end of the extended tunnel itself in Mal- 
den, or from the Arlington line or both. In this way the low service 
gradients can be maintained more uniformly throughout the District 
and can be reduced to normal level in Brighton and vicinity, so that 
the draft through the Brighton and Commonwealth Avenue lines can 
be restored, and the flow in Weston Aqueduct increased to somewhat 
over 100 m.g.d. for the supply of the low service. 

In this way a total consumption of somewhat in excess of 240 
m.g.d. can probably be taken care of without the necessity for heavy 
additional expense in duplicating the pressure aqueduct line by means 
of the Y-branches and other facilities which were originally provided 
for future contingencies. It is reasonable to expect that the actual use 
of these provisions in the original design can be postponed for an in- 
definite period. Note that provision was also made in the original 
design for a less expensive method of meeting such a contingency, 
namely by inserting a booster pump on the connection between the 
Hultman Aqueduct and the Weston Aqueduct terminal chamber by 
means of which the Weston Aqueduct which has a capacity of 300 
m.g.d. can bring in much more than it can deliver to the low service, 


the excess being pumped in the amounts desired to the Norumbega 
Reservoir level. 
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BLUE HILLs RESERVOIR 


One item of new construction which lies immediately ahead is the 
proposed distributing reservoir in the Blue Hills Reservation. Al- 
though this will come into its fullest use after the City Tunnel is 
completed, it is needed even before then to reinforce the Southern 
High Service and specific legislative approval to proceed with the 
construction has already been received. 


Except for the small Southern Extra High Service which is 
pumped from the Hyde Park station, and of the Waban Hill Service 
which is not directly connected to the rest of the service, there is only 
one distributing reservoir riding on the Southern High Service. This 
is Fisher Hill Reservoir in Brookline. Of the total pumpage of ap- 
proximately 60 million gallons daily, about 40 is taken off the main 
lines within two miles of the pumps and most of this goes to down- 
town Boston. Of the remaining 20 million gallons daily, about 2 sup- 
plies the Hyde Park pumping station and the remainder is supplied 
through connections all along the line to the extreme southeast end 
of the system where the City of Quincy takes a little over 6 million 
gallons daily. Fisher Hill Reservoir with an equalizing surface area 
of only 3.14 acres is the only distributing reservoir to take care of 
the daily and weekly fluctuations in the demand, and it is so far north 
that the service at the Quincy end suffers. We are making plans for 
a new reservoir in the Blue Hills Reservation and will locate the con- 
necting line so that the needs in the most rapidly growing areas at 
the southeast end of the system can be best served. 


The reservoir site chosen is on Chickatawbut Road just inside 
the Quincy line, locally known as Twin Brook Swamp just south of 
Fox Hill and Wampatuck Hill. The site is ideal, having an area of 
about 23 acres with steep side slopes and level bottom enabling the 
reservoir to be put into service at a level much below normal without 
decreasing its effectiveness. This feature would make it a very useful 
addition to the system even before the City Tunnel is completed and 
the gradient raised to that from Norumbega Reservoir. By pumping 
with the Chestnut Hill pumps against a 10-or 15-foot greater head and 
thereby bypassing Fisher Hill Reservoir, it should be possible to op- 
erate this proposed reservoir in the Blue Hills at about Elevation 250 
although we would construct it with a maximum flow line at Elevation 
264 expecting it to operate normally at least within 10 feet of this 
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elevation, after the City Tunnel extension of Hultman Aqueduct from 
Norumbega Reservoir is completed. This reservoir would have a Cca- 
pacity at the flow line of a little over 160 million gallons. 


SEWERAGE PROJECTS 


The construction program of the Commission includes five proj- 
ects for extending the works of the North and South Metropolitan 
sewer systems: 

Project 1—Sewage treatment plant on the South Metropolitan Trunk Sewer at 
Nut Island. 

Project 2—Extension of North Metropolitan Relief Sewer to Deer Island in- 
cluding pumping station at East Boston, and design only of a sewage treat- 
ment plant at Deer Island. 

Project 3—Conduits and pumping station to relieve Alewife Brook Sewer, in the 
North Metropolitan system. 

Project 4—Relief conduits and appurtenant works along the southerly side of the 
Charles River Basin. 

Project 5—Relief conduits and appurtenant works along the northerly side of the 
Charles River Basin. 


Unlike the water works extensions, these projects are dependent as 
to execution and progress on appropriations made by the legislature 
year by year. Project 2 is in the preliminary design stage. For Proj- 
ect 3, contracts are being prepared and the first will soon be advertised. 
Studies are in progress for Projects 4 and 5. Their design is related 
to that for Project 2 and a great deal of study is required to relate 
the projects properly to each other before reaching the stage of actual 
construction. 

Project 1, the sewage treatment plant at Nut Island at the outlet 
of the South Metropolitan trunk sewer, is now under construction. 
At the present time, the trunk sewer has a capacity of 300 mgd and 
discharges raw sewage continuously through 60” outlets approximately 
6,000 feet from the shore. The existing plant consists of a single build- 
ing where the larger solids are removed by manual cleaning of racks 
of the cage-elevator type. The treatment plant is designed for a rate 
of 112 mgd, as shown on the accompanying flow diagram. It consists 
first of two medium racks ahead of six parallel grit channels, three of 
which are followed by comminutors, two of 36” diameter at the end 
of each channel, and each of the other three is followed by fine racks 
which discharge the rakings from high flows directly to the commi- 
nutors in the other low-flow channels. Four low-lift pumps then dis- 
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charge through a Venturi meter of special design into five aeration 
channels, four parallel and one across their ends. These channels are 
designed to obtain flexibility in operation by cutting out one or more 
of the channels most remote from the pumps. The detention period is 
20 minutes at the design rate and 32 minutes at the present normal 
dry summer weather flow of 70 mgd. The air capacity provided will 
give about 0.13 cubic feot per gallon at the design rate. 

The influent conduit to the sedimentation tanks is specially de- 
signed so that no adjustments, at most only slight adjustments, will 
be needed to cbtain a uniform distribution to the six tanks together 
with means for preventing excessive settlement of solids at the bottom 
of the conduit and for removing grease and scum at the top. The 
sedimentation tanks have a detention period of 88 minutes at the de- 
sign rate and 141 minutes at the present normal dry summer weather 
rate, such as affects the recreation use of the harbor. The effluent 
conduit will discharge through the existing outfalls which will thus 
discharge the clarified effluent cnly instead of raw sewage as at present. 
One interesting feature of the new construction is the fact that a dif- 
fuser dome, to be pre-cast on the deck of a barge, will be lowered on 
prepared columns so as to cover the outlet and force a radial diffusion 
and a mixture of sea water with the effluent, as it rises through a coarse 
bar rack in the annular space as though between the petals of a huge 
daisy. This effluent will be chlorinated in summer. 

It is expected that about 255,000 gallons of raw sludge, 95 per 
cent moisture, will be removed at the design rate, and about 215,000 
gallons under present conditions. This will be pumped at three sta- 
tions, one between each pair of sedimentation tanks. An interesting, 
and I believe unique, feature of the design is the collection of both 
the sludge on the bottom and the grease and scum on the top of the 
tank at the same point by means of long narrow collectors, one for 
each pair of tanks, which operate on the tank surface but separated 
from it by thin steel partitions extending only a short distance below 
the surface. The sludge and grease will be pumped to four digestion 
tanks 110 feet in diameter each having a working capacity of 2,300,000 
gallons. Two tanks with fixed covers are operated as primary diges- 
tion tanks, and two with floating covers as secondary digestion tanks. 
It is expected that the daily gas production will be about 675,000 cubic 
feet at the design rate, and about 525,000 under present conditions. 
The contents of the tanks will be heated by continuous circulation 
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through outside sludge heaters, the heat being supplied by water cir- 
culated from the gas engine jackets. 

The digested-sludge disposal line will be a 12” pipe laid across 
the harbor to Long Island, thence along the shore of Long Island and 
out into the deep water in President Roads. At the southerly end of 
Leng Island, provision has been made for receiving similar digested 
sludge from a plant which the City of Boston is planning to construct 
to treat the sewage of the Boston Main Drainage System, now dis- 
charged at the Moon Island outlet on the outgoing tide without treat- 
ment. One feature of the work which is interesting, and also, I believe, 
unique so far as the planned regular scheduling of the operation is 
concerned, is that all pipes carrying sludge will be kept clean by go- 
devils, so called. 

The power plant will consist of one 600 KW gas-engine generato: 
unit, two 600 KW dual-fuel-engine generator units and two 210 HP 
dual-fuel engines directly connected to blowers of 5,000 cfm capacity. 
The gas engine will operate solely on digester gas. The dual-fuel en- 
gines will run on digester gas or oil or both. The plant will be inde- 
pendent of outside power and light. Each of the four main low-lift 
pumps of the mixed-flow type will each be motor-driven through a 
planetary-gear speed reduction with magnetic drive for speed vari- 
ation. One unit is a spare and each unit is capable of delivering 83 
mgd against a head of 10.3 feet. 

A more complete description of the treatment plant is contained 
in articles by the writer in the Civil Engineering magazine of the 
American Society of Civil Engineers in the issues for June and July, 
1946. 


CONSTRUCTION Costs 


For all the construction work done to date including commitments 
on account of all contracts executed, but none which have not yet 
reached the stage of actual execution, the Commission has spent the 
aggregate sum of $71,254,899. 

If this sum is spread over the entire life of the organization since 
work first started, including the relatively unproductive war years, it 
averages roughly $10,000 a day. 

The work has included 88 major contracts and over 50 minor ones. 
The engineering organization, exclusive of laborers, has numbered 
nearly 400 at its peak and now numbers a little over 160. The total 
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number of individuals that have been connected with the organization 
during its lifetime is much greater than these figures would indicate. 
It sent 128 into the armed services. It also supplied from its roster 
key personnel for a great many of the service and non-service activ- 
ities which sprang up throughout the nation to feed the war effort. 
The organization takes a justifiable pride in its record. 


RELATIONS WITH CONTRACTORS 


One important feature of the Commission’s construction program 
is that it has vigorously defended its contractual rights whenever 
they have been assailed by court action. It is a common misappre- 
hension that laws are made by the legislature. It would be nearer the 
truth to say that the legislature enacts the laws, but it is only when 
their interpretation is questioned and taken before the highest legal 
tribunal for interpretation that the law is actually established. By 
carrying its cases to the Supreme Court of the Commonwealth the 
Commission has been instrumental in establishing a considerable body 
of construction contract law. 

One of the Commission’s contract suits had to do with the ques- 
tion of adequacy and correctness of information given on plans or, 
whether the contract really means what it says when it states that 
there is no guarantee as to the accuracy of the information given or 
as to interpretations of it. In this connection it has always been our 
policy to relieve the contractor of all the risks that we possibly can, 
and we believe it is a good investment to spend money liberally for 
sub-surface investigations. In the case referred to, we were not even 
satisfied with the many borings and hand-made test pits which were 
put down to locate suitable borrow pits but in addition to these, 
we let a preliminary contract under which we made four sizeable 
power-shovel cuts into the hillsides and exposed the materials to the 
view of prospective bidders. There is no question but what bidders 
lean heavily on the information and interpretations which the engineer 
gives them. It is equally clear that it is part of the contractor’s busi- 
ness to evaluate the risks. No matter how forehanded the engi- 
neer may be in the matter of borings, he cannot warrant or guar- 
antee any and all interpretations of the data and the reason for ex- 
cluding all such guarantees in the contract documents need hardly 
be discussed further. In this case the contractor in preparing his bid 
had discussed the Commission’s preliminary work in great detail with 
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a number of the engineers and very properly attempted to get all the 
expert opinion he could. Subsequently he found the digging much 
harder than he anticipated. The number of boulders encountered 
was large as was indicated to be the case by the boring plans, and 
the boulders were imbedded over large areas in glacial till. He claimed 
in his petition that there was a breach of warranty, stressing the fact 
that we did not describe certain glacial till as hardpan, in spite of the 
language of the contract which stated that the accuracy of the bor- 
ing plans or any interpretations of them were not guaranteed to be 
correct and that each bidder must form his own opinion of the char- 
acter of the materials to be excavated and make his own interpreta- 
tions of the borings, test pits and shovel cuts and must satisfy him- 
self by his own investigations and research. 

The following excerpts have been selected from the decision of 
the Supreme Court in this important case: ““Where, as here, a written 
contract shows on its face that it comprises the entire agreement and 
was intended to be a complete and final statement of the whole 
transaction, then express warranties other than those contained in 
the contract cannot be added by extrinsic evidence.” The judge who 
heard the findings of the Auditor in this case had found that upon 
all the evidence ‘“‘the boring plans were true-and accurate portrayals 
of the borrow areas and were drawn according to well recognized and 
approved engineering practice’, also “that there was no breach of 
any express or implied warranty, and that neither the commission 
nor any of its representatives made any false representation or con- 
cealed any information whereby the petitioner was deceived or de- 
frauded”’, also “that a careful examination of the plans furnished the 
petitioner or a careful examination of the shovel cuts and the sur- 
rounding territory by an experienced engineer would have revealed 
the fact that the overburden of the borrow area was a glacial till 
containing at least ten per cent of boulders, some of which were eight 
to ten feet in diameter”; and also that “It would almost seem to be 
common knowledge that the excavation of glacial till of the character 
revealed by the shovel cuts in this area would not be easy”. In sup- 
porting these findings, the court decided that “If the judge believed 
that an experienced contractor who had examined the shovel cuts 
would not be misled by these plans, we cannot say that he committed 
any error of law in reaching that conclusion’, and that the general 
finding for the Commission was “supported on any rational view of 


EXTENSION OF METROPOLITAN DISTRICT WORKS 205 


the evidence together with the permissible inferences. The peti- 
tioner in the absence of fraud had no enforceable claim under either 
aspect of its petition.” 

This decision was similar to that in the case of another of the 
Commission’s contract suits which was not so clear cut because it 
involved in addition to the main item several minor matters which 
the Commission did not originally contest and which it was in fact 
willing to agree upon and include in the final estimate. However, the 
contractor refused to accept the final estimate and instead included 
all these minor items in its suit. The main item had to do with the 
location of a quarry site. The contractor claimed that he relied on 
verbal statements of the Commission’s engineers as to the availability 
of a favorable site which eventually he was unable to obtain. The 
decision of the court was somewhat similar to that in the case first 
mentioned, and the contractor was held responsible for determining 
all such facts himself. 

Another of the Commission’s contract suits had to do with the 
question of the engineer’s responsibility, again as to whether the con- 
tract really means what it says when it states in effect by various 
detailed, explicit and emphatic wordings that the work shall be per- 
formed according to the orders and to the satisfaction of the engineer, 
the reason for these provisions being that the contract was for a 
hydraulic fill dam the safety and usefulness of which was dependent 
upon the constant supervision of the details of the work by skilled 
engineers who were given considerable leeway under the contract in 
the selection or rejection of borrow pit materials, and in the modifica- 
tion of the dimensions and characteristics of the resulting core of 
the dam as the work progressed. 

The following excerpts have been selected from the decisions of 
the Supreme Court in this important case: “The petitioner contends 
that there was no express contract and that it can recover quantum 
meruit for the reason that the minds of the parties never met on the 
matter of the thickness of the core.”’ However, the court decided in 
spite of any ambiguity in the language of the contract which the 
parties saw fit to sign that “The fact that an executed written contract 
contains within itself difficulties of construction about which the 
parties disagree does not enable a party to contend that the minds 
never met. By signing the writing the parties bind themselves to 
such interpretation as the court may place upon the words and sym- 
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bols employed by them.” Referring to the provision that the engineer 
should decide all questions which might arise as to the interpretation 
of the plans and specifications, the court found that “The engineer's 
decision does not appear to have been arbitrary or made in bad 
faith. The petitioner is bound by it.” As in the first case, referred 
to above, the contractor discussed borings, borrow pits and probable 
requirements with a number of the engineers and claimed that he 
counted on starting and being allowed to continue to operate in the 
lower and most conveniently located borrow pits. He even claimed 
the right to rescind the contract for fraud because, as he contended, 
the engineers had decided in advance that these lower borrow pits 
would probably not continue to be suitable, but had failed to so 
notify him. The court found that ‘‘The petitioner was fully informed 
that if it bid on the assumption that it could build the entire embank- 
ment from the lower area it would do so at its own risk”, and that 
there was “no preponderating proof that the petitioner would have 
declined to bid or would have altered its figures or would have been 
influenced in any material degree if the so called decision had been 
disclosed to it.” 

In denying the contractor’s claim for a breach of implied war- 
ranty, the court took into account the “express statements on the 
plans and in the contract to the effect that the existence of a suffi- 
ciency of suitable material in any one area is not guaranteed; that 
the contractor will be allowed to borrow from any one area only to 
the extent that the materials are acceptable and satisfactory”, and 
noted further that “Besides these, there are general provisions that 
the engineer shall decide all questions as to the quality, acceptability, 
and fitness of the materials to be furnished, and that the entire work 
shall be completed to the satisfaction of the engineer.” 

In denying the contractor’s claim that the orders of the engineers 
lay sufficiently without the scope of their powers as to constitute a 
breach of contract, the court decided that “Since it appears that the 
orders of the engineers were within the scope of powers granted to 
them as defined by the contract, the only remaining inquiry is 
whether they have actually exercised the judgment committed to 
them without compulsion, deception, or fraud on the part of others 
and in good faith on their own part.” The Auditor, before whom 
the case was first heard, had found in several instances that the 
decisions of the engineers were unreasonable and unnecessary. 
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The decision of the court upon this point is very illuminating. The 
court noted that the Auditor intentionally refrained from going fur- 
ther than that and also that he made the statement in accordance 
with his (the Auditor’s) opinion, formed from the evidence be- 
fore him, that the engineers’ decisions were not in accordance 
with, or demanded by, good engineering judgment. The court de- 
cided that “There is no finding that any of the decisions complained 
of was arbitrary, capricious, or tainted by compulsion or fraud’, 
and went on to say that ‘‘The case must therefore be dealt with on 
the footing that all decisions of the engineers were made in the actual 
free exercise of good faith of their own best judgment. Neither rea- 
sonableness in the ordinary sense nor necessity determines the limits 
of the engineers’ powers or the validity of their exercise. This is 
not a case where work is to be done to the satisfaction of a party to 
the contract and where the contract is interpreted, if possible, to 
mean reasonable satisfaction.’ The court concluded that the deci- 
sions of the engineer “are not to be controlled by any extrinsic stand- 
ard of reason or necessity. That would merely substitute the judg- 
ment of court or jury for that of the engineer’, and that “For a 
court to substitute its own lay opinions on such matters, however well 
it may think itself informed through evidence, for the opinions of 
the engineers in the field to whom the parties have entrusted such 
decisions would be directly contrary to the terms of the contract and 
in the long run likely to produce unsound results.” 

One should not conclude from the above remarks about three 
court actions that we have had unusual difficulties with our con- 
tractors. Quite the contrary is true. We have executed about 146 
construction contracts, many of them greater in value than the three 
discussed, and our relations have been most satisfactory. I am well 
aware of the fact that there is a growing complaint by contractors 
against the current forms of public works contracts. I believe that 
such complaints are in many cases well founded and I would be in 
favor of modifications which would assure both parties of fair and 
competent arbitration of disputes. Quoting again from the Supreme 
Court’s decision in one of the cases above referred to, “The en- 
gineers, at least with respect to the decisions complained of, are 
made quasi arbitrators by whose judgment the parties agree in ad- 
vance to be bound.” Speaking for myself, and for my distinguished 
predecessor Mr. Winsor, we have taken very seriously this role of 
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impartial arbiter, and have always done our best to interpret dis- 
puted provisions fairly to both parties. In approving estimates for 
our contracts which have totalled about $43,400,000, there have been 
many occasions when we have leaned over backward to see that the 
contractor who has placed his trust in us gets a square deal. It has 
been in the best interest of the Commission and the Commonwealth 
that we have done so. 


ASSESSMENTS AGAINST THE MEMBER MUNICIPALITIES IN THE WATER 
DISTRICT 


What has been the effect of all this on the cost of water to the 
towns in the Water District? The old Wachusett-Sudbury develop- 
ment was financed by the issue of 40-year sinking fund bonds which 
had not been paid off when the new work started. The necessity for 
heavy expenditures to pay for the old works was not materially re- 
duced until 1936. In the meantime serial bonds for the new supply 
had been issued, and the term of these bonds was not more than 30 
years. In fact the first of these bonds issued were for only a 20-year 
term. The resulting increase in cost was undoubtedly one reason 
why no new towns joined the District to help share this cost The 
cumulative effect was to almost double the annual assessments which 
reached a total of about $5,000,000 in the years 1935 to 1938. The 
District’s water assessments have nothing to do with state taxes and 
are met entirely by the consumers of the water. 

One interesting fact about these assessments is that the financing 
of such permanent and lasting developments as the Ware-Swift 
supply by such relatively short term bonds insured a decade of very 
high costs, but also insures, with equal certainty, a rapid subsequent 
drop in the: assessments. However, the anticipation of much lower 
costs in the next 20 or 30 years has not been sufficient to attract new 
customers now. The cost per million gallons had been approximately 
$55 for many years prior to the development of the new supply, 
but it rose to about $105 in 1934 and remained at approximately this 
high level until 1938. However, in the next 6 years it had dropped 
to about $80. The Legislature in 1946 radically amended the statutes 
to provide a fixed rate of only $40 per million gallons by the annual 
issue of so-called water-use-development bonds which have the same 
effect as refinancing bonds. This plan is feasible only because of 
the assured reduction in the requirements of the construction bonds. 
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The crux of the matter lies in the effect on the net debt, which has 
never been less than $20,000,000 since the District was organized and 
which should again drop to that figure even though an additional ap- 
propriation of $10,000,000 every 15 years could delay the drop and 
spread it over 40 years. 

There have been so many inquiries about the various amend- 
ments which affect the matter of water assessments that the writer 
has prepared the following brief summary of the provisions of Chap- 
ter 587 of 1945, as amended by Chapter 549 of 1946. 


METROPOLITAN WATER SUPPLY 


Brief Summary of the Provisions of Chapter 587 of 1945, as 
Amended by Chapter 549 of 1946. 

These acts amend Sections 10 and 26 of Chapter 92 of the 
General Laws retaining certain amendments of a similar character 
that were made by Chapter 543 of the Acts of 1943. 

They allow, in addition to supplying new members, the sale of 
water from the distribution system to eligible non-members in an 
emergency. 

Keep the provision of Chapter 543 which extends the eligibility 
to membership in-the water district from the 10-mile radius to the 15- 
mile radius to the extent that the District has extended, or can reason- 
ably extend, its distribution system; and also the clear definition of 
membership in the District, members being towns admitted upon their 
formal application. 

Make both members and eligible non-members subject to annual 
assessments by the state treasurer, whereas non-members were for- 
merly merely billed for water purchased. 

Make no specific provisions for the sale of district water from any 
part of the collection system other than the distribution system; but 
this is left to approval of the State Department of Public Health. 

Clarify the present liability of all new users to pay the cost of 
connection to the District’s distribution system. 

Keep the provision whereby payments for costs of connection by 
towns who want Metropolitan water, whether or not they are eligible 
to join or do join the District, can be spread over a period of 10 years. 
This applies also to any entrance fees. 

Allow water supply connections between member and non-mem- 
ber towns without restriction; and eliminate the standby charge to 
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non-member towns within reach of the distribution system of the 
District, which are given or continue to have connection with the 
system, and leave the question of such connections entirely a matter 
of approval by the Department of Public Health. 

Eliminate any difference between the price of water supplied regu- 
larly to members and that supplied in an emergency to eligible non- 
members. 

Keep the provisions which allow the District to admit without 
any entrance fee a town entering and taking its entire supply from 
the District, and which materially reduce the entrance fee in the 
case of a town entering the District without abandoning its local 
supply. However, the provision eliminating any difference in cost 
as between members and eligible non-members amounts to a practical 
elimination of the entrance fee. 

Keep the clarified definition of valuation. However, the provi- 
sions which eliminate valuation as a factor in assessments and which, 
in effect, eliminate all entrance fees, leave no other use for the word 
valuation. 

Provide for optional agreements between the District and towns 
which do enter, under which the Commission may acquire water 
supply works and lands of the town which are of value for any 
purposes of the Metropolitan District Commission, its Sewerage and 
Parks Division, as well as its Water Division. Such works are to 
be taken over at cost, which if not agreed upon shall be determined 
by appraisal commissioners appointed by the Supreme Judicial Court. 

Provide that instead of receiving cash for such works, the enter- 
ing town shall receive credit on its water assessment spread over a 
period of 25 years with interest at 114%. 

Provide, in case such abandoned works are not acquired by the 
District, that the town may dispose of them without restriction on 
account of prior dedication to water supply purposes, and a similar 
provision permits the Commission to dispose of any portion of the 
property so acquired that is not of value to the Commission. 

Provide that when the Commission makes any such sale it must 
give the town that originally owned the works the first opportunity 
to buy them back. 

Provide that works so taken on account of their usefulness to the 
Sewerage or Parks Division of the Commission shall be compensated 
for by assessments upon the towns in the Sewerage or Parks Districts 
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respectively, and not upon the towns in the water district. The state 
Treasurer will include in such assessments the same interest spread 
over 25 years as he credits to the new member of the water district. 

Make adequate provision for the transfer to the Metropolitan 
District Commission, without loss of pay or impairment of civil 
service status, of employees from the Water Department of towns 
whose facilities are abandoned upon entry into the District. 

Provide for a reduction, commencing in 1946, in the water assess- 
ment to a fixed $40 per million gallons by issuing annually so-called 
water-use-development bonds. These are expected to aggregate about 
$40,000,000 over a period of about 25 years. 

Eliminate the distinction between member towns of relatively 
high and of relatively low valuation which has heretofore resulted in 
wide discrepancies in the assessment per million gallons, varying re- 
cently from about $75 to $125 per million gallons. 

Eliminate all the special provisions applying to the assessment 
of member towns taking only a portion of their supply from District 
sources, the only basis of assessment being the fixed price per million 
gallons. 

Continue, of necessity, the basing of assessments, against member 
towns taking their entire supply from the district, on the average rate 
of consumption during the previous calendar year, although the assess- 
ments are, as always, in payment for use during the year of assess- 
ment. 

Make available each year, to reduce the amount of the water-use- 
development bonds, the surplus in the sinking fund, which already 
amounts to about $550,000, and which will continue until the last 
sinking fund bonds mature in 1950, instead of allowing this surplus 
to accumulate to well over a million dollars at that date of final 
maturity. 

Continue the existing provisions by which up to $250,000 a year 
are made available to the District for constructing water supply con- 
nections in anticipation of reimbursement over a period of ten years 
by the town paying for the connection. 

The water district now offers to new customers not only the attrac- 
tive price of $40 per million gallons, but a water supply of ex- 
cellent quality. The policy of constructing Quabbin Reservoir with- 
out stripping the soil from the bottom has been fully justified: The 
quality of the water is the subject of a recent paper by Superintendent 
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Clarence H. Reed of the Sudbury Division published in the Journal 
of the New England Water Works Association for June 1947. Quab- 
bin Reservoir has improved rapidly during the filling and after 314 
years of filling the results of analyses show a relatively stable condi- 
tion has been reached with a vast improvement in the reduction of 
mineral salts such as iron and manganese. The color is stabilized at 
only 13 parts per million and dissolved oxygen is above 80 per cent 
saturation in the deep portion of the reservoir near Winsor Dam. 
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PLANNING THE AIRPORT SITE 
By A. J. Bone* 


(Presented at a meeting of the Transportation Section, B.S.C.E., held on April 17, 1946.) 


THE first step in the design of an airport is to determine the 
use that is to be made of it. This involves a knowledge of the types 
of airplanes to be accommodated and the volume of air traffic to be 
expected. In general, airports fall into three categories: those serv- 
ing commercial air traffic almost exclusively, those serving both com- 
mercial and private flying, and those serving private flying of a 
recreational nature and pilot training. The airport requirements 
for these several activities vary greatly, both with respect to the size 
of the airport and the facilities which are needed. 

The Civil Aeronautics Administration (C.A.A.) has set up a 
classification of airports based upon runway length. This classifica- 
tion is defined briefly in Table I. The larger cities will ultimately 
have one or more airports of class 4 or 5 devoted to commercial use 
and also a number of smaller airports of classes 1, 2 and 3 for local 
air service and for private flying. The smaller cities will probably 
have one major airport of class 3 or 4 serving all classes of flying 
and a few smaller airports of classes 1 and 2 for private flying only. 
The smaller communities will have the smaller airports of classes 1 
or 2 for private flying and limited local air service using small planes. 
In some regions one airport may serve two or three adjacent towns. 


SELECTION OF AIRPORT SITE 


The selection of an airport site will be influenced by a number 
of factors; such as the area required, possibility of expansion, acces- 
sibility to the community, absence of obstructions in approaches, free- 
dom from fog and smoke, nature of the terrain, nearness of other air- 
ports and cost of construction. 


*Professor of Highway Engineering, Massachusetts Institute of Technology, Cambridge, 
Mass. 
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TABLE I—Crvit AERONAUTICS ADMINISTRATION AIRPORT PLANNING CLASSIFICATION 
Desicn STANDARDS RECOMMENDED FOR DIFFERENT TYPES OF COMMUNITIES 


Recommended 
Landing Strip 
Lengths at whe 
Planning Sea Level Type of Aircraft Which 
Classifi- Clear Type of Community Airport May Safely 
cation  Approaches* That May Be Served Accommodate 
1 1800’ to 2700’ Small communities not on Small private owner type 


W 


3 


4 
and 
5 


2700’ to 3700’ 


3700’ to 4700’ 


4700’ to 5700’ 


5700’ and over 


present or proposed sched- 
uled air carrier system, and 
auxilary airports in larger 
metropolitan areas to serve 
nonscheduled private flying 
activities. 


Larger communities lo- 
cated on present or pro- 
posed feeder line airways 
and which have consider- 
able aeronautical activity. 
General population range 
5,000 to 25,000. 


Important cities on feeder 
line airway systems and 
many intermediate points 
on the main line airways. 
General population range 
25,000 to several hundred 
thousand. 


Cities in this group repre- 
sent the major industrial 
centers of the nation and 
important junction points 
or terminals on the airways 
system. 


planes. This includes rough- 
ly planes up to a gross 
weight of 4000 pounds, or 
having a wing loading 
(Ibs./sq. ft.) times power 
loading (lbs./HP) not ex- 
ceeding 190. 


Large size private owner 
planes and some small size 
transport planes. This rep- 
resents roughly planes in 
the gross weight classifica- 
tion between 4000 and 
15,000 pounds, or having 
a wing loading (lbs./sq. 
ft.) times power loading 
(bs./HP) of 190 to 230. 


Present day transport 
planes. Planes in this clas- 
sification are represented 
approximately by those be- 
tween 10,000 and 50,000 
pounds gross weight, or by 
those having a wing loading 
(Ibs./sq. ft.) times power 
loading (lbs./HP) of 230 
and over. 


Largest planes in use 
and those planned for 
the immediate future. This 
approximately represents 
planes having a_ gross 
weight of 74,000 pounds 
and over or having a wing 
loading (lbs./sq. ft.) times 
power loading (lbs./HP) of 
230 and over. 


*Approaches shall be clear within 
area in the case of Class 1 airports an 


a glide path of 20 to 1 from the end of the usable 
d 30 to 1 in the case of 


' ‘ Classes 2, 3, 4 and 5 airport 
except for instrument landing runways for which the ratio sh see 


represent the minimum permissible. 
to runways on as flat a ratio as is 


desirable minimum. 


NOTE :—Paved runways shall be 200’ 
Source :—Airport Design Information, 


all be 40 to 1. These ratios 


In all cases it is highly desirable to clear approaches 
possible in the interest of safety. 


A50) tomllerationise a) 


shorter than landing strips. 
Civil Aeronautics Administration, April 1, 1944. 
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AREA REQUIRED 


The area needed is determined principally by runway length re- 
quirements. These are correlated, in a general way, with the size of 
the community and type of aircraft in the Classification of Airports 
given in Table I. 

A small airport of the class 1 type with minimum landing strip 
length of 1800 ft. may be located on areas from 50 to 160 acres pro- 
vided the approaches meet the C.A.A. standards. Such airports will 
probably effectively serve up to 100 private planes based at the air- 
port. If more private planes are to be provided for, additional sites 
should be sought at dispersed locations convenient to the owners, 
rather than attempting an extensive enlargement of the original 
field. 

Class 2 airports require from 200 to 300 acres; class 3 airports 
from 350 to 500 acres; class 4, about 640 acres (one square mile); 
and class 5 airports with runways ranging from 7,000 to 10,000 feet 
in length may cover several thousand acres. The above areas are for 
sites near sea level. Longer runways and therefore larger sites are 
required at the higher altitudes. Table II shows the areas and runway 


TABLE II—AREAS AND RUNWAY LENGTHS AT CERTAIN MUNICIPAL AIRPORTS 


Number 


of 
Name of CAA* Area  Run- 
City Airport Class (Acres) ways Longest Shortest 

New York, N. Y. La Guardia 5 584 4 6000 3530 

Idlewild 6+ 4527 Ie itil, POLO) 6000 
Washington, D.C. National 6 650 4 6855 4100 
Chicago, Ill. Municipal 6 630 9 6546 4639 
St. Louis, Mo. Lambert 5 521 3 5600 2800 
Buffalo, N. Y. Municipal 5 549 4 5642 3645 
Cleveland, O. Municipal 5 1200 7 6000 5008 
Pittsburgh, Pa. Allegheny Co. 5 150 4 5740 2519 
Columbus, O. Port Columbus 4 543 4 5000 3550 
Detroit, Mich. Municipal 4 270 3 5280 2825 
Indianapolis, Ind. Weir Cook 4 1015 2 4848 3650 
Cincinnati, O. Lunken 3 425 3 4063 2700 
Toledo, O. Municipal 3 513 3 4224 2995 
Louisville, Ky. Bowman 8) 300 3 4350 3600 
Harrisburg, Pa. State Airport 6 B35 3 4000 3750 
New Haven, Conn. Municipal 3 388 2 4200 4100 
Portland, Maine Municipal g 328 3 4300 3500 

*Class based on longest runway Class 6 includes runways over 6500 ft. long. 


+virst stage 3 runways; second stage 6 runways; third stage 12 runways. 
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lengths at a number of existing airports used by the scheduled airlines. 
Many of these areas are much smaller than desirable, because sites 
were chosen in locations where expansion proved impracticable. 


POSSIBILITY FOR EXPANSION 


Many airports are obsolete for commercial air transport because 
they are on sites that cannot be expanded because of physical limita- 
tions or for economic reasons. Some are bounded by built-up land 
which can only be obtained for airport use at excessive cost, other air- 
ports are adjacent to natural obstacles, such as mountains, rivers, 
harbors, railroad yards, or factories. Sites adjacent to rivers or 
harbors may be enlarged by using fill to make additional land, but this 
process is very costly. 

In selecting a new site, a location should be chosen that will 
permit expansion at reasonable cost. Ample land should be available 
for purchase. It is advisable to take more land than is immediately 
necessary in order to prevent uncontrolled industrial or residential 
growth adjacent to the site. Land that is not needed for airport 
facilities may be rented for farming or other purposes, thus bringing 
in some revenue. Excess land may be developed into recreational 
areas, such as parks, picnic grounds or a golf course. 


TERRAIN 


As airports are practically flat surfaces, a relatively level site 
is desirable for low grading cost. The C.A.A. specifications limit the 
slope of runways to 114% with very gradual changes in grade 
(Table IV) thus allowing very little opportunity to adjust airport 
grades to the topography. Ridge or hilltop sites usually have the 
advantages of clear approaches for airplanes and good natural drain- 
age. Large, flat areas, however, are usually to be found in low- 
lands, such as swamps. These offer poor foundation soil for an air- 
port and require expensive filling and drainage. Frequently there is 
no large, open tract available near a large city except tidal land or 
river marsh. Some of the largest airports, such as those at New 
York, Boston, and Washington, are built on sites that were created 
by Alling t in waterfront areas. 
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APPROACHES 


The terrain surrounding the airport site is of equal importance to 
that of the site itself. A flat site hedged in by mountainous terrain, or 
by tall buildings and factory chimneys, will not permit the clear ap- 
proaches necessary for the safe use of the airport. Minimum approach 
standards recommended by the C.A.A. are illustrated in Fig. 1 
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(a) and (b). Two sets of standards are prescribed: one for runways 
to be used in clear weather under “contact” flying conditions, and 
another for runways to be used in overcast (as well as clear) weather 
when visibility is limited and pilots must rely on their instruments 
and radio directions when approaching the runway. For contact 
flying, the approach zone is a trapezoidal area starting with a width 
of 500 ft. at the end of the runway and broadening to 2,500 ft. at a 
distance of 2 miles. Within this zone there should be no obstacles 
protruding above a plane rising from the end of the runway on a slope 
of 1 in 20 for class 1 airports, and 1 in 30 for all other classes. The 
instrument flying approach zone is 1,000 ft. wide at the end of the 
runway, broadens to 4,000 ft. in 2 miles, and rises on a slope of 
at least 1 in 40. Between the approach zones, obstructions should be 
kept below the heights shown in Fig. 1 (c) for turning zones. 

Fig. 2 shows the approach and turning zones for an airport 
drawn over the topography of the surrounding region. Elevations are 
shown along the bottom of the approach zones. When these are 
compared with the contour elevations on the ground, high areas may 
be detected. The runway approach zones are clear for instrument 
runways, but there are four high spots in the turning zones. The 
illustration is for an essentially rural area. In testing the approaches 
of a city airport, a plot must be made showing the locations and eleva- 
tions of all man-made structures within a radius of several miles of 
the airport site. Little can be done to remove existing structures. They 
must be avoided as far as possible in the orientation of the runways. 
Precautions should be taken, however, to protect approaches against 
future intrusions by instituting rigid zoning. The legality and effec- 
tiveness of existing zoning laws is an important factor in site selection. 


NATURE OF SITE—CULTURE AND SOIL 


From the standpoint of construction cost, the site, if possible, 
should be on cleared ground that is easily drained and which will offer 
a satisfactory subgrade for runway surfaces. Soils of a sandy or 
gravelly nature are preferred, as they are easily drained and form 
satisfactory bases for pavements. Silty and clay-like soils are less 
desirable, and organic peat is to be avoided unless it can be readily 
removed. A site that slopes gently into natural drainage channels, 
such as brooks and streams, is to be preferred to a large, flat swampy 
area that will require an expensive artificial drainage system. Sites 
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PLAN OF 
A\RPORT APPROACHES 


Scale 
0 1080 ISO Ft. 


should be high enough above river bottoms to prevent flooding. 
Ledge rock is to be avoided because of the expense of rock excavation. 
A site near local gravel deposits or a stone quarry is desirable since 
large quantities of these materials are needed in construction. 


ACCESSIBILITY 


The outstanding advantage of air transportation is speed. Un- 
less airports are readily accessible to the community which they serve, 
much of the advantage of air transportation will be lost in the time 
consumed in getting to and from airports at each end of the air trip. 
The accessibility is measured in time rather than in distance. Gen- 
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erally speaking, the nearer the airport to the community center the 
shorter will be the time to reach the airport. This is not necessarily 
true, however. An airport may be located near the center of a large 
city, yet be so surrounded by traffic-congested streets, that access 1s 
slow and tortuous. On the other hand, an airport located well out- 
side the city limits, but on an express highway to the city, may be 
reached in less time than one on an in-town site. Before any site 
is selected the ground transportation system should be thoroughly 
studied, both as it exists and as it may be improved in the immediate 
future. Time studies should be conducted by driving over the routes 
to the proposed site, particularly during peak traffic hours. 

Close-in sites usually involve taking high-priced property. In 
other instances they require expensive filling of marsh or tidal areas. 
The cost of land acquisition and grading should be compared with the 
cost of super-highway construction to a more distant site. 

An overall study of the metropolitan area should be made to 
determine the present and future demand for air traffic including the 
relative demand from the central business area and the several sub- 
urbs. The site, if possible, should be chosen in a location most acces- 
sible to the greatest number of potential air passengers. 

The airport site selection is closely tied in to the transportation 
for the community as a whole, and to regional planning in general. A 
site should not be selected that will block a desirable development of 
the city plan. The size of the airport site is such as to interrupt 
the street layout over a large area, in much the same way that a 
freight yard interferes with the continuity of the street pattern. The 
airport, however, cannot be bridged as can the freight yard. 

If the air traffic is predominately to and from a particular direc- 
tion, such as to the southeast, a site on that side of the community will 
reduce the air distance (and time) for a majority of passengers and 
also reduce the noise of planes over built-up areas, and the hazard to 
planes in flying over high buildings and stacks in overcast weather. 
The selection of a site in outlying areas is less likely to arouse opposi- 
tion than one adjacent to residential districts. Another advantage of 
a rural location is that it provides ample space for a logical develop- 
ment of service facilities and other activities related to aviation. 
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EFFECT OF AIRPORT SITE ON LAND VALUES 


The presence of an airport may reduce the value of land for 
some purposes and increase it for others. In the present state of 
development the airplane is inherently noisy and the noise is heard 
over large areas; more so than the noise of other forms of transporta- 
tion vehicles that are confined to narrow paths. A proposal to locate 
an airport in or near a residential area is almost sure to encounter 
opposition from many of the residents. This opposition may grow 
as airplanes increase in number and the noise becomes more intense. 
For many years to come the users of airplanes, particularly small 
planes, will be a very small percentage of the population. The value 
of land near an airport, is therefore, likely to decline for residential 
purposes. On the other hand, the creation of an airport on unde- 
veloped land remote from residences will create new values in such 
land as sites for activities related to the airport, such as for hangars, 
shops, sales rooms, club houses, restaurants, observation areas, and 
possibly park and recreation areas. The airport will become a center 
of attraction not only for the users of private planes, but also for the 
larger group of the interested public who wish to watch the activities 
of the airport and occasionally indulge in sight-seeing or charter flights. 

The possibility of developing such land values and the value 
of the improvements thereon should be considered in site selection. 
The opposition of residents and the attendant loss of values in existing 
developed areas is to be avoided The principal argument for locating 
airports near residential areas is ease of access. Proximity to the air- 
port is not necessarily essential for ready access. People will reach 
the private airport almost exclusively by private automobile. The 
very size of the airport precludes walking to the airport from adja- 
cent homes. Hence the trip to the airport will be a motor trip, and 
since roads to rural sites are usually free of congestion, speeds will 
be high. 

AVAILABILITY OF SERVICES 

The airport facilities, terminal, hangars, shops, etc., comprise an 
industrial unit which will require services, electric power, telephone, 
water, sewers, and public transportation. The availability of these 
services is a factor in site selection. If other factors are controlling, 
however, the demand created by new airport facilities will warrant 
bringing services to the site. 
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SPACING OF AIRPORTS 


Airports should not be spaced too closely because a zone around 
the airport is needed for the maneuvering of planes in approaching 
the airport, particularly in instrument flying weather. The Cone. 
prescribes a traffic pattern for each airport. These should not con- 
flict. Radio communications between planes and airport control 
towers are also complicated when airports are too close together. The 
C.A.A. has recommended the following radii for traffic patterns for 
contact flying conditions: 


Class Radius Minimum S pacing 
1 1 mile 2 miles 
2 2 miles es 
3 oe 6 
4 + ieee 


In instrument flying weather, greater precautions are required 
and more space is desirable for maneuvering. A spacing of 14 miles 
is recommended when scheduled airlines make frequent instrument 
landings. No fixed rule can be laid down, however, as each situation 
should be studied in the light of local conditions. 


ECONOMICS OF SITE SELECTION 


Airports are costly projects. If alternate sites appear to meet 
minimum operational requirements, the selection should be thoroughly 
studied from the standpoint of cost. Not only is the first cost of im- 
portance, but also the long-run or economic cost, which includes 
maintenance and amortization as well as interest on the initial invest- 
ment. 

Factors influencing the initial cost are airport size which is dictated 
by the types of planes to be accommodated and the volume of air 
traffic; land costs which will vary widely depending upon the state of 
improvement of the land and its real or potential value for home 
sites or industrial purposes; grading and drainage whih depend on the 
nature of the terrain (flat or hilly) and the character of the soil; 
length of highway connections and ease of their construction; diffi- 
culty in extending services to the airport site, and availability of local 
labor and materials for use in paving and building construction. 
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SUMMARY oF FAcToRS INFLUENCING SELECTION OF AIRPORT SITE 


The various factors to be cosidered in selecting an airport site are 
tabulated in Table III. As an aid to judgment in selecting a site, 
columns are added at the right for rating each of the characteristics 
of alternate sites, such as A, B and C. As all of the items in Table 
III are not of equal importance, a column is provided for weighting 
factors (W). The weights and ratings entered in the table are for 
illustration only. The emphasis to be given to one requirement over 
another will depend upon the class of airport under consideration and 
upon the judgment of the investigator as influenced by his experience 
and knowledge of local conditions. 

The individual sites A, B and C have been rated according to 
preference; first, second or third choice. With respect to some char- 
acteristics, two or even three of the sites may be of equal desirability. 
When this is so, one site would be rated 1 and the remaining two 
sites rated 2, or if all three sites are equally satisfactory, they would all 
be rated 1. Instead of expressing a choice, the alternate sites could be 
rated on a percentage basis,—provided there is sufficient information 
available to warrant this refinement. For example, if the terrain 
requirements are wholly satisfactory at site C, it would be rated 100, 
if they were not quite so good at B, that site would be rated 80, and 
if they were poor at A, that site would be rated 50. The final rating 
is found by adding the products of the weighting factors (W) and the 
individual ratings (R). 


RECONNAISSANCE FOR AIRPORT SITES 


The first step in seeking likely airport sites will be an examina- 
tion of the best available maps of the region. Recent issues of U. S. 
Geological Survey maps to the scale of 2 inches = 1 mile (1:31680) 
are well adapted for this purpose. Valuable information may also be 
obtained from aerial photographs which show buildings and culture in 
great detail. If stereo-pairs of photographs are taken, the terrain and 
all features on it may be viewed in three dimenions in the stereoscope. 
With the proper instruments, a complete contour map may be drawn 
from these photographs. Heights may also be scaled of buildings, 
towers and trees which are located in the approaches. 
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LAYOUT OF THE AIRPORT 


The essential features of an airport are the runways on which 
the airplanes land and from which they take off; the taxiways con- 
necting runways with the terminal area; the paved apron at the ter- 
minal on which the airplanes are loaded, unloaded and serviced; the 
terminal buildings for housing airport activities and handling pas- 
engers, mail and cargo; hangars and shops for reconditioning 
planes; parking lots and driveways for use of patrons, employees and 
visitors. 

The C.A.A. has recommended standards for runway width, length 
and direction, drainage, paving, lighting, communications and terminal 
facilities. These standards are summarized in Table IV. 


TABLE [V—Civit AERONAUTICS ADMINISTRATION AIRPORT STANDARDS FOR PHYSI- 
CAL CHARACTERISTICS OF DIFFERENT CLASSES OF AIRPORTS 


Recommended Standards Class 1 Class 2 Class 3 Class 4 Class:5 
Length of landing strips? 1800’ to 2700’ 2700’ to 3709’ 3700’ to 4700’ 4700’ to 5700’ 5700’ and over 
Width of usable landing : 7 

strips 300’ 500’ 500’ 500’ 500’ 
Length of runways None 2500’ to 3560’ 3500’ to 4500’ 4500’ to 5500’ 5500’ and over 
Width of runways 

Day operation only None 100’ 

Day and night operation <3 150’ 150’ 150° 150’ 

Instrument landing =o 200’ 200’ 200’ 


Percentage of time a run- 
way should be available 
heading into wind? 70% 7570 80% 90% 90% 
(Determines number and 
directions of landing 
strips and runways) 
Minimum distance between 
center lines of parallel 
runways None 700’ 700’ 700’ 700° 
Minimum distance between 
center line of runway and 
airport buildings—Instru- 
ment landing runway 750° 750’ 750’ 750” 
Minimum distance between 
runway center line and 
aprons and loading platforms— 


Instrument landing runway 500’ 500’ 500’ 500’ 
Distance between center line 

of runway and airport Desirable 500’ 500’ Su0’ £00’ 
buildings—other runways Minimum 350’ 350’ 350’ S5Cr 


Minimum distance between 
center line of runway and 
aprons and loading plat- 
forms and parking areas— 


All other runways 250’ 250’ 250’ 250° 

Maximum landing strip and 
runway grades*—Transverse 2% 2% 14% 144% 114% 
Longitudinal 2% 14%4% 114% 1% 1% 


1All of the above landing strip and runway lengths are based on sea level conditions; 
for higher altitudes increases are necessary. One surfaced runway of dimensions shown 
above is recommended for each landing strip for airports in Classes 2, 3, 4 and 5. 

*Landing strips and runways should be sufficient in number to permit take-off’ and land- 
ings to be made within 2214° of the true direction for the percentage shown above of winds 
4 miles per hour and over, based on at least a 10-year Weather Bureau wind record where 
possible. Negligible wind conditions of 3 miles per hour and under are classed as calms. 

Jn the development of initial units the grades should be established to conform with the 


standards for the ultimate development In special cases it may be necessary to exceed 
these maximums for economic reasons. 
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TasLeE IV—Continued) 


Recommended Standards Class 1 Class 2 Class 3 Class 4 Gidsse5 
Grade changes*—longi- 
tudinal 
Maximum algebraic 
difference 3% 214% 2% 2% 2% 
Minimum width of taxiways _ 50’ 50’ 50° 50’ 


Minimum distance between 

runway center line and 

parallel taxiway center line — 275" 275’ aio PHS 
Minimum distance from 

boundary fence, obstruc- 

tion, etc., to taxiway 


center line 100’ 150’ 150’ 200’ 
Maximum longitudinal grade 

taxiway® 3% 247 214% 214% 
Maximum transverse grade ; 

taxiway 114% 12% 144% 1%% 


Minimum angle of taxiway 
intersection with runway 


ends® 60% 60% 60% 60% 
Facilities required Drainage Same as Same as Same as Same as 
Fencing Class 1 Class 2 Class 3 Class 4 
Marking plus plus 
Wind lighting Weather 
direction Hangar Bureau 
indicator and Shop Two-way 
Hangar Fueling radio 
Basic Weather Visual 
lighting informa-_ traffic 
(optional) tion control 
Office Instrument 
space Approach 
Parking System 
(when 


required) 
Adminis- 
tration 
Building 
Taxiways 
and 
Aprons 


4Longitudinal intersecting grades on a runway or landing strip should be jofned by a 
vertical curve if the algebraic difference in grade is 0.4% or more. The vertical curve should 
be at least 300 feet in length for each 1% change in grade. It is also recommended that 
the tangent interval between the point of tangency of one curve and the point of curvature 
of the succeeding curve be not less than 1000 feet. If economically practical, grade breaks 
should be so controlled that the sight line will be unobstructed from any point 10 feet above 
the surface of the runway to any other point 10 feet above the runway. 

SRunway grades should not be altered to accommodate taxiway connections or intersec- 
tions. At large airports where trafic is heavy it may be advisable to construct a warming-up 
apron and bypass on taxiways connecting to the ends of runways. 

®°Taxiways should not connect to the end of runways at an angle of less than 90° to 
incoming traffic. 


Source: Airport Design, Civil Aeronautics Administration, April 1, 1944. 


The C.A.A. has also published manuals of airport design and 
has issued technical reports on various subjects pertaining to aircraft 
performance, particularly with reference to runway requirements. 
The more pertinent of these publications are included in the Bibli- 
ography at the end of this paper. 

The airlines have initiated airport design studies on their own 
behalf in order that they may have definite suggestions to offer when- 
ever airport improvements on their system are under discussion. The 
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unique tangential runway layout adopted for New York’s new air- 
port at Idlewild grew out of scheme advocated by the American Air- 
lines, Inc. with the support of the other airlines serving New York. 


RuNwWAY LAYOUT 


A number of factors influence the airport runway pattern. Some 
of these factors have already been discussed. The most important 
is that of having a runway available at all times for takeoffs and 
landings into the wind, or very nearly into the wind. Another im- 
portant consideration is the avoidance of obstructions, such as hills, 
tall buildings, towers or pole-lines in the approaches to the airport. 
The runway layout is also influenced at some sites by the nature of 
the terrain and the type of subsoil. Locations are preferred which 
require a minimum of excavation and embankment and which also 
provide a stable foundation for pavements. The shape of the air- 
port site frequently controls the runway pattern, as the runways must 
be placed in the locations where land is available. The location of 
the terminal area and of adjacent highways and industries also has a 
bearing on the runway layout. Taxiing distances from the ends of the 
runways to the terminal apron should be as short as possible. Planes 
should be able to taxi to a takeoff and from a landing with a minimum 
of interference. 

In view of the many and varied factors influencing the runway 
layout, it is not likely that a standard layout can be developed that 
will fit all sites. Some will be better than others. Objectional fea- 
tures, such as irregular and cramped sites with obstructions in the 
approaches, should be avoided as far as possible, by a wise selection 
of the airport site, as described above. 


LENGTH OF RUNWAY 


The length of runways should be such as to permit the safe land- 
ing and taking off of all types of aircraft that are expected to use 
the airport. The length required depends upon the performance char- 
acteristics of the airplanes to be served, particularly their takeoff 
and landing speed and their rate of climb. These characteristics are 
largely dependent upon the wingloading (gross weight divided by 
wing area) and power-loading (gross weight divided by takeoff horse- 
power) of airplanes. Table V shows the characteristics of a number 
of typical airplanes ranging in size from the 2-passenger Piper Cub 
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to the proposed Leviathan of the air, the 320,000-pound Consolidated- 
Vultee Model 37. 

The C.A.A. has suggested a rough rule that the runway length 
should be 15 times the product of wing loading and power loading. 
This rule’appears to give fairly acceptable lengths for airplanes of the 
DC-3 (25,200 pounds) size and smaller, but does not apply to larger 
planes. (See Table VI.) A more scientific method for determining run- 
way length is available in the Civil Air Regulations,* which prescribe 
runway length in terms of the actual performance characteristics of 
airplanes. These regulations were devised primarily to determine the 
relation between gross weight of transport airplanes and safe runway 
length required under various operating conditions. They also pro- 
vide a means for determining the runway length necessary to allow 
the full utilization of the rated gross weight of the airplane, as certified 
by the: G:Atk: 

Three criteria have been set up for runway lengths: two for take- 
off and one for landing. The regulations prescribe in technical terms 
the exact condition to be met. In brief, non-technical language, the 
most exacting of the three following requirements must be met. 

(1) The length shall be sufficient to permit the airplane to 
be accelerated to the verge of takeoff and then, in the event of failure 
of one engine, be braked and brought to a stop within the length of 
the runway. 

(2) The length shall be such as to permit the airplane to be 
accelerated to the verge of takeoff and then, in the event of failure 
of one engine, be able to continue and climb at such a rate that the 
boundary of the landing strip (and the objects beyond) are cleared 
by a minimum height of 50 feet. 

(3) The length for landing shall be such that the airplane can 
glide into the airport from a height of 50 feet above the end of the 
landing strip, land upon the runway and be brought to a stop within 
60 per cent of the runway length. 

Fig. 3 illustrates takeoff requirements. The plane is accelerated 
in the takeoff position with all engines operating at takeoff horsepower 
(10 to 20 per cent higher than rated horsepower) and loaded to the 
maximum gross weight certified by C.A.A. An engine is then assumed 
to fail at the “critical engine failure point” which occurs when the air 


*Civil Air Regulations, Part 04, Airplane Worthiness, Sec. 04.75, Performance Requirements 
for Transport Category Airplanes. 
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Increases with Altitude and 
Decreases with Headwind 


speed of the plane is at least equal to that at which the airplane is 
controllable with only the remaining (1 or 3) engines operating. To 
satisfy the first requirement, all engines are cut at the critical engine 
failure point and the plane braked to a stop on the runway. To meet 
the second requirement, the plane continues from the engine failure 
point with the remaining (1 or 3) engines at takeoff power until a 
speed equal to 1.10 the speed at engine failure has been reached (or 
1.15 the stall speed whichever is greater) and then takes off and 
climbs clearing the end of the usable landing area (and all obstacles 
beyond) by 50 feet. As the climb proceeds the landing gear is re- 
tracted and the propeller of the dead engine is feathered; i.e., the 
pitch or angle of the blades is adjusted so that they do not rotate. 
When the plane gains sufficient altitude it will turn, circle the field 
and land. The stall speed, referred to above, is that speed at which 
the flow of the air over the wings becomes turbulent. When this 
happens, the lift on the wings is greatly reduced and the airplane is 
likely to crash if near the ground. 

The landing requirement is illustrated in Fig. 4. The airplane 
must clear all obstacles in the approach zone by 50 ft., cross the 
boundary of the usable landing strip at a height of at least 50 ft., 
descend to the runway, decelerate and stop within 60 per cent of the 
runway length. 

Usually the second requirement for takeoff is controlling. The 
actual dimensions and slope of the takeoff (or landing) path may be 
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figured mathematically from the performance characteristics of the 
airplane, or they may be determined by photographic records of the 
actual performance of airplanes. The C.A.A. is accumulating infor- 
mation of this sort.* The runway lengths required to meet the C.A.A. 
regulations are shown in Table VI for a number of air transports. 
Some of these planes are in service; others still in the development 
stage. The runway lengths are at sea level. They are longer for 
greater altitudes as shown in Fig. 5 and discussed below. 


EFFECT OF AIRCRAFT DESIGN ON RUNWAY LENGTH 


An understanding of the relation between runway length and 
airplane performance may be had from an examination of the basic 
formula for lift on the wings of an airplane: 


aCe ey SV? (1) 
in which L = lift on wings in pounds. 
Ci = lift coefficient which depends upon the shape of the 
wing and its inclination with the direction of flight 
(angle of attack). 
p = mass density of air in slugs per cu. ft. 
S = area of wings in sq. ft. 
V = air speed in ft. per sec. 


*The Correlation of Aircraft Take-off and Landing Characteristics 


I with Airport Size, 
Technical Development Report No. 40, April 1944, Civil Aeronautics fc : 


Administration. 
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Fic. 5—Errecr or ALTITUDE ABOVE SEA LEVEL ON REQUIRED RUNWAY LENGTH. 
From “Airport Design”, C. A. A. 1944. 


In order to take off and sustain flight, Z must be at least equal 
to W, the weight of the airplane, 


L=W=c.— Sv? (2) 
2 
From this formula it will be seen that as the density p decreases, 
as it does with altitude or with an increase of temperature or reduc- 
tion in pressure, the decrease must be made up by an increase in 


PLANNING THE AIRPORT SITE Avil 


speed, since Cr at takeoff and S are practically constant for a given 
airplane. Higher takeoff speeds mean longer takeoff runs and there- 
fore longer runways. 

Since V is the air speed, headwinds add to the ground speed and 
increases the lift. Hence the takeoff may be accomplished in a shorter 
run against a headwind than in still air. Similarly in landing a head- 
wind increases V and allows a lower landing speed relative to ground 
and therefore a shorter roll to a stop than is required when there is 
no wind. 

When formula (2) is rearranged to represent wing loading, it 
becomes: 


W 
= 6 reba gs (3) 


From this it will be seen that an increase in W/S with Cr and a 


constant must be balanced by an increase in V with an accompanying 
demand for longer runways. In recent years the trend in airplane 
design has been toward higher and higher wing loadings in the larger 
models as indicated in Table V, and shown graphically in Fig. 6. 
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Improvements in design have brought some increase ine O87 but for the 
most part the higher wing loadings have been accompanied by in- 
creases in landing and takeoff speeds. The plotted positions of the 
larger transports are approximate only, since these planes have not 
yet been rated for commercial use. An increase in power either from 
more powerful engines or by assisted takeoff devices could shorten 
the runway requirements for these larger planes. Increasing their 
gross weight, on the other hand, could increase their runway length 
requirements. . 

Another factor influencing runway length is power loading (gross 
weight divided by total horsepower). Generally speaking, the more 
pounds to be lifted per horsepower the longer will be the takeoff 
run and the flatter the takeoff path in climbing out of the airport. 
The trend in power loading, however, has been downward in recent 
models, but the change has been small compared with the great in- 
crease in wing loading, as indicated in Table V. 

In order to meet runway length requirements, airport sites have 
had to be enlarged and, in some instances, abandoned in favor of new 
sites. Grading, drainage and pavement costs have soared.  Ulti- 
mately, some limit, economic or operational, may be reached in run- 
way length and airport size. Radical changes in aircraft design, 
such as the universal use of assisted takeoff devices coupled with 
braking by reversible pitch propellers or other retarding devices, give 
promise of shifting some of the responsibility for meeting takeoff and 
landing requirements from the airport designer to the aircraft de- 
signer. In the immediate future, long runways appear in demand, 
but radical improvements in aircraft takeoff and landing abilities 
could remove the necessity for huge airports. 


EFFECT OF WIND ON RuNWay LENGTH 


There will usually be one principal runway at each airport that 
is used during calms and at times of low wind velocity. This runway 
should be of sufficient length to meet landing and takeoff require- 
ments in still air at the geographic elevation of the airport. It is 
also desirable that the principal runway be laid out in the direction 
of the most prevalent winds of high velocity, thus being available for 
heading into these winds and avoiding high cross winds. Other run- 
ways presumably will only be used when the allowable cross wind 
component (at right angles to the main runway) is exceeded. This 
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means that when another runway is used there will be a headwind 
component along that runway which will shorten the landing and 
takeoff run. Hence it is not so important that the minor runways 
be as long as the principal runway. The allowable cross wind varies 
for different airplanes. Generally speaking, it is less for light planes 
than for the heavy transports with tricycle landing gears. For com- 
mercial transport operation a cross wind component of 10 m.p.h. is 
very conservative, and 15 m.p.h. is probably permissible. For the 
heavier transports, possibly 20 m.p.h. may be permitted. If we as- 
sume that the major runway will be used until the permissible cross 
wind component is reached, then it is possible to compute the head- 
wind component that will be available on the minor or ‘‘cross” run- 
ways. The relation is illustrated in Fig. 7. 

If, for example, the allowable cross wind component on the 
main runway A-A is 15 m.p.h., and the wind is blowing along the 
bisector of the angle between runways AA and CC (a = £), and fur- 
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ther assuming that the angle COA between runways is 60 degrees, 


; 1 * 
then the head wind component along runway CC is Ver = — x .866 = 


26 m.p.h. The Civil Air Regulations suggest that one-half of this 
headwind component may be taken into account in computing the 
length of landing (or takeoff) run. The chart in Fig. 8, prepared by 
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the C.A.A., shows the decrease in runway length that may be allowed 
at different altitudes for different headwinds. These curves have 
been prepared on the basis of the types of planes that will use class 4 
airports. If a headwind of 26 -- 2 = 13 m.p.h. is used in design, 
the reduction factor is .78 at sea level and .80 at 10,000 elevation. 
This means that if the main runway is 5000 feet long and at sea 
level, a cross runway at 60° (as in the above illustration) may be 
5000 X .78 = 3900 feet long and still permit as safe takeoff and 
landing performance as on the main runway in still air. 

A headwind not only shortens the runway length required but 
also steepens the angle of climb and the slope of the obstacle clearance 
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line. The reduction possible is shown for various headwinds and 
at different altitudes in Fig. 9. For example, if the obstacle clearance 
zone is designed for a slope of 1 in 40 at sea level in still air, the 
slope may be increased (the ratio decreased) to .84 of the ratio at 
sea level; i.e., for a headwind allowance of 13 m.p.h. a slope of 1 in34 
is equivalent to 1 to 40 in still air. 


NUMBER OF RUNWAYS 


The usual runway layout has two, three or four runways in as 
many different compass directions. The number of runways is deter- 
mined largely by the per cent of wind to be covered. The C.A.A. 
standards specify that each runway may be considered to cover a 45° 
sector lying 2214° on each side of the centerline. 

Although cross winds are a more serious hazard to light planes 
than to heavy planes, the smaller airports for light planes are, for 
the sake of economy in construction, usually laid out with only two 
runways, and are required by the C.A.A. specifications to cover only 
70 per cent of the wind. In some localities the wind blows pre- 
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dominantly in one direction or the opposite, and one runway will 
suffice, but in localities where the wind may blow from any direc- 
tion, as in most of the United States, three or four runways are re- 
quired to meet the C.A.A. specification of 90 per cent wind coverage 
for class 3 and larger airports. If the prescription that each runway 
direction covers 45° of arc is strictly adhered to, four runways are 
needed for most locations. If, however, the limit is raised to 60° 
for the larger planes with tricycle landing gear, wind conditions can 
be satisfied with three runways at most sites. The present trend is 
toward three long runways with good approaches in preference to 
four shorter ones with less desirable approaches. 
N 


WA LZALALLE LE LL 


in 


Winds overl5 m.ph P] 
5 EN Winds 4 to lS mph ee 


PLANNING THE AIRPORT SITE 243 


WIND RosE 


In order to select the best orientation of the runways to cover 
winds, use is made of a diagram called a wind rose. The usual form 
is a series of bands radiating in the several compass directions and 
varying in length according to the percentage of time that the wind 
blows from each direction. Such a wind rose is shown in the upper 
left corner of Fig. 2. A more detailed plot of this same wind rose 
is shown in Fig. 10 in which the percentages are plotted as sectors 
of varying radius instead of as bands. The small circle in the center 
represents calms (winds of 3 m.p.h. or less) during which any run- 
way could be used. The dark sectors represent winds over 15 m.p.h. 
and the open portions of the sectors represent winds of from 4 to 15 
m.p.h.* 

Superimposed on the wind rose are 60 -sections (cross hatched) 
which represent the portions of the wind rose ‘‘covered” by the three 
runways shown in Fig. 2. An inspection of the diagram shows that 
there are four ‘‘gaps” where the winds are not covered by the 60°- 
sectors. The percentage of wind represented by the gaps is computed 
as follows: 


Total Winds Winds over 15 m.p.N. 

Near N ea la 3X 9% = 27% 
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4.7% 64% 

All Winds 100.0% 3.70% 

Per Cent Covered 95.3% 96.3% 


If the wind coverage had been limited to 22'%° each side of the 
centerline of each runway, as recommended by the C.A.A., the cov- 
erage would have been 80.2 per cent for all winds and 81.9 per cent 
for winds over 15 m.p.h. What is important in this problem, however, 
is the allowable cross wind rather than the angle of coverage. A 
cross wind component of 15 m.p.h. will result from a wind of 30 
m.p.h. at 30° with the runway and a wind of 39 m.p.h. at 221%". At 
the site where the wind rose of Fig. 10 was taken winds over 30 
m.p.h. blew less than 1 per cent of the time. 


*This type of wind rose is described in “Runway Orientation in Terms of Airer aft Take- 
off and Landing Characteristics” by Thomas E. Greacen, II, in Aeronautical Engineering 
Review, February 1946. 
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PARALLEL RUNWAYS 


The capacity of an airport with a single runway in each direction 
(Fig. 11a) is from 40 to 60 landings plus takeoffs per hour. When 
the traffic demands on an airport exceed the capacity of a single-run- 
way layout, the capacity may be approximately doubled by provid- 
ing two pairs of runways in each wind direction, as indicated in 
Fig. 11b. With parallel runways, landings may be made on one of 
the parallel runways while takeoffs are being made on the other, the 
maximum rate being 80 to 100 plane movements per hour for both 
runways. The standards in Table V call for a minimum spacing of 
700 feet between parallel runways; they may, however, be much 
farther apart, and will operate more efficiently if widely separated, 
since traffic interference both on the ground and in the air approaches 
is reduced. Some designs call for parallel runways several thousand 
feet apart with the air terminal in between (Figs. llc and 12). 


TANGENTIAL RUNWAY LAYOUT 


When the traffic potential exceeds that of parallel runways, a 
tangential system has been devised as illustrated in Fig. 11c which 
will permit 3 landings and 3 takeoffs simultaneously. The layout 
also has the advantage that all runways adjoin the central apron thus 
reducing taxiing distances. Normally only one-half of the total run- 
way length is needed as shown by the full heavy lines indicating 
landings and takeoffs. For long-range flights with the larger planes, 
the full length of the runway may be utilized as indicated by the 
dashed lines in Fig. llc. The disadvantage of the tangential lay- 
out is the large site required and the necessity for highway approaches 
via a vehicular tunnel. 

A modification of the tangential scheme was adopted for the 
ultimate layout of the Idlewild Airport under construction for New 
York City. This layout, illustrated in Fig. 12, will be built in three 
stages. When fully developed, the airport is expected to handle a 
maximum of 360 airplane movements per hour in clear weather; 60 
landings on each of 3 runways and 60 takeoffs on 3 other runways on 
the opposite side of the airport. As the wind direction changes, 
different sets of runways will be used. There will always be six 
runways available, no one of which makes an angle of more than 
30° with the prevailing wind direction. 
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In overcast weather, when the pilot must rely on his instruments 
and radio, landing procedure is slow and the capacity of the airport 
is greatly reduced. Improvements in air traffic control and the gen- 
eral adaptation of blind landing systems are expected to speed up 
landing procedure and overcome much of the loss of capacity now 
experienced in bad weather. 


TAXIWAY SYSTEMS 


The purpose of the taxiway system is to allow airplanes to move 
from the terminal to the takeoff position in a direct path without inter- 
fering with the loading and unloading of other planes and without 
interfering with the landing and takeoff of other planes. Similarly 
landing planes should be able to turn off the runway soon after they 
have come to a stop (or to taxiing speed) and be able to proceed 
directly to the terminal without interfering with movements of other 
planes. In the usual layout only one runway is used at a time (Fig. 
lla). The unused runways may serve as taxiways, if conveniently 
located, but usually especially designed taxiways are necessary for 
good circulation. The field must be studied for operation on each 
runway separately. If any preference must be given in the provision 


PLANNING THE AIRPORT SITE 247 


of taxiways, the most-used runway should be the most accessible to 
the terminal. 

Provision must also be made for taxiing between hangars and the 
terminal, and from the field directly to the hangars in order to accom- 
modate planes that do not have to go to the terminal. In the illustra- 
tions (Figs. 11 and 12) taxiways are indicated by the closely spaced 
parallel lines connecting the runways and aprons. 


APRON oR RAMP 


The apron or ramp is the wide paved area adjacent to the ter- 
minal and usually extending in front of the hangars. It is used for 
loading, unloading and parking of planes, and also for taxiing. The 
dimensions and shape of the apron depend upon the number and size 
of airplanes to be accommodated, as will be discussed below under 
Terminals. 

THE TERMINAL 


In the past terminals at commercial airports have frequently 
been built too small and of such permanent construction that expan- 
sion has been difficult. Designers have been shortsighted in provid- 
ing for air transport growth and in visualizing the airport terminal’s 
function. The terminal layout should provide for a smooth flow of 
surface traffic to and from the airport terminal and adjacent hangars 
and service buildings, with ample parking space for both patrons and 
workers. Direct access to waiting planes is desirable for passengers 
who have purchased tickets in advance. For others, and for those 
waiting for plane connections, an attractive and commodious waiting 
room is required, conveniently located with respect to ticket offices 
and public conveniences. Mail and express must be transferred from 
truck to plane, usually at a lower level, where it will not come in 
contact with passengers. Space is also required for airlines’ offices, 
the airport manager, traffic control and weather bureau staff and 
equipment. Provision should be made for handling spectators in 
such a way that they may view the activities of the airport without in- 
terfering with airport activities or mixing with passengers. Con- 
cessions catering to patrons and the public, such as restaurant, 
barber shop, haberdashery, soda bar, and souvenir counter, should 
be encouraged as added attractions to the airport and sources of air- 


‘port revenue. 
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At present airplanes are unloaded, loaded and serviced on the 
apron adjacent to the air terminal building. A fleet of small vehicles, 
some motorized and some pushed by hand, are used to bring mail, 
express and supplies to and from the airplane. This process, employ- 
ing much hand labor, may be but a passing phase. As air traffic 
grows, mass transportation methods may evolve which are difficult 
to foresee. Mail and express will probably continue to be carried in 
the same airplanes as passengers, and will therefore have to be handled 
at the airline station. Air freight will move to an increasing extent 
in separate, all-cargo transports, that may be better served at another 
part of the airport, or at a separate airport. 

The airport terminal differs greatly from a railroad terminal 
in the spacing of the gates required for a loading and unloading pas- 
sengers. A frontage of about 20 feet at a rail terminal will accom- 
modate a track and platform that can serve a train of several hun- 
dred passengers. An inspection of the wing spans of transports in 
Table V indicates that each plane requires from 100 to 175 feet of 
frontage at the airport terminal in order to handle planes of 20- to 
60-passenger capacity. 

If each plane is allowed 30 minutes at the terminal, 10 berths will 
be required to match the capacity of a single runway at 40 move- 
ments per hour. If each plane is allotted a circle of 150-foot diame- 
ter, the frontage (or apron) will be 1500 feet long. If 360 plane 
movements per hour are to be served, as planned for New York’s air- 
port at Idlewild, 90 berths will be required, which, at 150-foot inter- 
vals, would extend 13,500 feet or 2% miles. Actually an apron 
1200 feet long is contemplated at Idlewild. In order to provide 
long frontages without exceeding a reasonable walking distance from 
a central terminal building, the straight apron in front of the terminal 
(Fig. 13A) has been abandoned in favor of curved or nose-shaped 
aprons (Fig. 13 B and C) running along three sides of the building 
location. In some designs the terminal area has approached a cir- 
cular shape, and in others the perimeter has assumed an indented or 
scalloped shape (Fig. 12) in order to give a maximum frontage with 
a minimum internal area. Another device used to increase the num- 
ber of berths is a projection or “finger” protruding on to the apron. 
The use of fingers concentrates the planes in front of the terminal but 


makes access to the berths by planes more difficult CFise 135 Ds 
E and F). 
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As the airport terminal area increases in size, one central ter- 
minal building becomes less effective as a passenger station. Cur- 
rent thought is turning toward separate terminals for each airline 
located adjacent to each airline’s berth. This arrangement is con- 
venient for patrons who have made reservations with a particular air- 
line, as is now usually the case. Such a system of single terminals, 
however, tends to perpetuate the individualistic policies of the air- 
lines in carrying on complete terminal operations independent of one 
another. After a period of individualism, the railroads found it to 
their mutual advantage to organize subsidiary terminal companies 
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to handle their joint terminal functions. As air transport approaches 
the mass transportation stage, the airlines may find terminal com- 
panies advantageous. The ground handling costs of the airlines are 
relatively high, and economies in this field appear possible as well 
as in aircraft operation, which at present is being given major atten- 
tion. An airline terminal company could, under contract with the 
city, take over the management of the airport concessions and exploit 
revenues from this source to help support the airport. It might also 
provide ground transportation to the city. In the long run, the central 
terminal idea with intra-airport transportation may offer a solution 
to the problem of excessive distances. 
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OF GENERAL INTEREST 


MEETING OF BOARD OF GOVERNMENT 


The Board of Government held a 
regular meeting on May 21, 1947. In 
addition to the usual routine business 
of electing members, checking the fi- 
nances of the society etc., the following 
business of general interest was trans- 
acted. 

Prof. Albert Haertlein, Chairman of 
the Committee on 100th Anniversary 
was a guest at the meeting and pre- 
sented the following report. 


BOARD OF GOVERNMENT 
Boston Society oF Civit ENGINEERS 
DEAR SIRS: 

The Special Committee on the Cele- 
bration of the 100th Anniversary has 
considered the suggestions made by the 
Board on April 8, 1947. 

The Board did not state whether 
monies have been appropriated for the 
conduct of the celebration. If the cele- 
bration is to be self-supporting, that is 
the price of the banquet or dinner-dance 
to cover all expenses, it would be nec- 
essary to limit the special guests to com- 
paratively few so as not to discourage 
members from participating. 

Your committee does not approve of 
favors commemorating the occasion. It 
would rather spend money for a special 
issue of the Journal or perhaps an en- 
tirely separate publication commemo- 
rating the contributions of members of 
the Society in the advancement of the 
art and science of civil engineering dur- 
ing the past hundred years or an out- 
look into the future of civil engineering. 
In order to have such a publication nice- 
ly printed on quality paper and special 


binding, the committee estimates the 
cost to be between one and two dollars 
per copy. It would be desirable to have 
such a publication free from all adver- 
tising. Does the Board approve such a 
publication and make the necessary ap- 
propriation? 


The Committee also recommends that 
the celebration take the form of a din- 
ner-dance and be held at an adjourned 
meeting of the annual meeting not later 
than April first. The scheduled date for 
the annual meeting is Wednesday, March 
17. At this meeting all business, includ- 
ing the presidential address and the 
award of prizes, could be transacted. To 
hold the dinner on the same evening 
would not afford the opportunity for 
members to escort their ladies to the 
cinner. It should also be noted that ac- 
commodations for holding a _ dinner- 
dance on the evening of March 17, 1948, 
are not readily obtained at this date. 
For example, the Statler Hotel is not 
available. 

The Committee seeks instruction from 
the Board on the following matters: 


1. Appropriation for the 100th Anni- 
versary Meeting. 

2. Whether or not advertisements 

should be included in the special 

publication and an appropriation 

for its publication. 

Banquet with several speakers or 

dinner-dance with one principal 

speaker. 

4. Banquet or dinner dance later than 
March 17 but prior to April 1, 
1948. 


w 
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Respectfully submitted for the Com- 
mittee on the 100th Anniversary Cele- 
bration. 

Joun B. Bascock 

FRANK A. BARBOUR 

CARROLL A. FARWELL 

WiiiamM F. UHL 

ALBERT HAERTLEIN, Chairman 
May 13, 1947 


Following considerable discussion the 
following verbal instructions were given 
Prof. Haertlein for the Commttee:— 


1. That a commemorative publication 
was desirable and that unless it 
could not be avoided that it should 
carry no advertising. 

2. That the committee prepare a 
budget and present it at a special 
meeting of the Board to be held 
in June. 

3. That the Board favored a dinner- 
dance to be held on a separate 
evening from the Annual Meeting. 


At the meeting of the Board in April 
it was voted that there was an excess 
of earnings available in the Herschel 
Fund, and the Secretary was instructed 
to determine what limitations were con- 
nected with this money. The Secretary 
reported that he could find no stipula- 
tions regarding the use of the income 
of this fund. By usage the income is 
now used to purchase books for the Her- 
schel Prize Awards. It was voted ‘“‘That 
excess income of the Herschel Fund not 
required for the purchase of prizes be 
used from time to time for the benefit 
of the Society and its members”. 

Prof. Donald W. Taylor, Chairman of 
the Committee on Subsoils of Boston, 
presented the following report :— 


BOARD OF GOVERNMENT 
Boston Society or Crvit ENGINEERS 
GENTLEMEN: 


In compliance with the recent direc- 
tive of the Board of Government, the 
Committee on Subsoils presents its rec- 
ommendations and its proposed program 
as follows: 


The two main subjects that the com- 
mittee has discussed, and on which it is 
hoping to obtain and possibly publish 
data in the near future, are ground- 
water conditions and boring records. 


The collection of data from test bor- 
ings has been the main objective of the 
committee in the past and continuation 
of this work is believed to be the most 
important contribution the committee 
can make in the future. 

The committee is in hearty accord 
with a suggestion made by the President 
of the Society, that a paper on ground- 
water investigations be solicited from 
some representative of the U. S. Geo- 
logical Survey for presentation at a 
meeting of the Society. The committee 
recommends that the representative of 
the Geological Survey also be asked to 
submit his paper for publication and 
that he be requested to include a digest 
of the data that have been obtained in 
recent investigations, particularly in the 
investigations conducted in the vicinity 
of greater Boston. The committee ac- 
cepts as one of its main functions the 
task of aiding in making this type of 
data available to members of the So- 
ciety and to the profession and believes 
that an authoritative paper of this type 
is a good method of accomplishing this 
objective. 

The committee also wishes to call at- 
tention to the large volume of boring 
data for Boston and surrounding local- 
ities that was obtained between 1931 and 
1939 and that is now available in a card 
index and on 14 maps at the Society 
rooms. These data are used fairly fre- 
quently, but they would be more widely 
used if better known, and if in readily 
available form. If it is the desire of the 
Board to publish these data, it is sug- 
gested that the material can be divided 
into about five sections, each section 
consisting of maps and approximately 
100 pages of data. For the first section 
the Boston peninsula is suggested aid by 
adding to the existing maps only data 
that are readily available, the committee 
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estimates that this section can be ready 
for publication by early in 1948. Once 
the preparation of the first section has 
been started, the work of bringing maps 
for the other sections up-to-date can be 
planned. If one section is published 
each year, all of the material will be 
made available within a reasonable time. 

Expenses in addition to the cost of 
publication would consist mainly of sec- 
retarial work, which the committee es- 
timates would come to $150 to $200 per 
section. It is believed that all other 
work can be cared for by the committee. 

Since a publication of this type can- 
not be complete, it is suggested that 
each section be announced several 
months in advance with invitation to all 
engineers to contribute additional data. 
This procedure would minimize criticism 
relative to incompleteness. 

It is possible that all sections could 
later be reprinted in book form. Book 
form for the original publication of the 
material is not recommended because 
the preparation of such a book would 
require considerable time. 

Respectfully submitted, 
Mites N. CLAIR 
IrvING B. Crossy 
STANLEY M. Dore 
LAWRENCE G. ROPES 
DonaLp W. TAyLor, Chairman 
May 19, 1947 


It was voted “That the report of the 
Committee on Subsoils be accepted and 
that the Committee be authorized to 


proceed with its recommendations. The 
sum of $150 from the income of the 
Herschel Fund is made available to start 
this work”’, 

Upon recommendation of the Library 
Committee the following votes were 
made :— 

“That all copies of the periodical 
Power from 1916-1940 and of Jron 
Age, from 1920-1940 be donated to the 
Library of Northeastern University. 

“That the following periodicals be do- 
nated to the Library of Georgia School 
of Technology”: 


American Society of Mu- 


nicipal Improvements 1901-1932 
Concrete 1914-1939 
Enginering and  Con- 

tracting 1908-1930 
Engineering and Mining 

Journal 1875-1878 

1893-1902 
1921-1932 
Journal of Municipal En- 

gineers 1916-1921 
Proceedings of Western 

Soc. of Engineers 1880-1881 
Proceedings of Eng. So- 

ciety of Western Penn. 1879-1932 
Report of Chief Engineer 

U. S. Army 1874-1906 

1913-1931 
It was voted “That the Society 


through the Library Committee apply 
for an Institutional Membership in the 
Special Libraries Association, said mem- 
bership costing $15.” 
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MINUTES OF MEETING 
Boston Society of Civil Engineers 


Aprit 16, 1947. A regular meeting of 
the Boston Society of Civil Engineers 
was held this date at Northeastern Uni- 
versity as a joint meeting with the N.E. 
Section of the American Society of 
Civil Engineers. 

The meeting opened at 6:00 P.M., 
with a catered dinner in the University 
Commons, which was attended by 144 
persons of whom 138 were members. 

The technical portion of the meeting 
was held in Room 228 N, and consisted 
of a paper entitled ‘Extension of Met- 
ropolitan District Water: What’s Ac- 
complished and What’s Ahead’’, deliy- 
ered by Karl R. Kennison, Chief En- 
gineer, Metropolitan District Water 
Supply Commission. The paper was il- 
lustrated with numerous slides. 

The arrangements for the meeting 
were made by the N.E. Section, 
A.S.C.E., and the meeting was presided 
over by Emil A. Gramstorff, President. 
In the absence of President Kinnison 
of the B.S.C.E., Vice-President Weaver 
represented the BSCE. Mrs. Frank E. 
Winsor, wife of the late Frank E. Win- 
sor, Chief Engineer of the M.D.W.S.C., 
and Mrs. Karl R. Kennison, wife of the 
speaker of the evening were among the 
guests. A rising vote of appreciation 
was given Mrs. Winsor. 

Approximately 170 persons attended 
the technical portion of the program. 

The meeting adjourned at 9:00 P.M. 

Epwin B. Coss, Secretary 


May 21, 1947.—A regular meeting of 
the Boston Society of Civil Engineers 
was held this date at Chipman Hall, 
Tremont Temple, Boston, Mass. 

The meeting opened at 6:15 P.M., 
with a catered dinner which was at- 


tended by ninety seven members and 
guests. 


A short business meeting was held at 
7:30 P.M., at which time President 
Kinnison announced the death of the 
following members :— 


Alfred O. Doane who was elected 
a member April 20, 1910, and who 
died February 10, 1947. 

Wilfred A. Clapp who was elected 
a member June 17, 1896, and who 
died February 10, 1947. 

James L. Tighe who was elected a 
member October 20, 1897, and who 
died April 6, 1947. 


The Secretary announced the election 
of the following member on this date:— 


Grade of Student—Herbert W. Cohen 


The technical portion of the meeting 
consisted of a symposium entitled “En- 
gineering in the North”. 

President Kinnison introduced Mr. 
Carroll A. Farwell,, member BSCE, 
partner in the firm of Fay, Spofford & 
Thorndike. Mr. Farwell outlined the 
symposium which described the design 
and construction of military airfields and 
bases in Newfoundland, Labrador, the 
Arctic and Alaska, for which his firm 
were the engineers. The following mem- 
bers of the staff of Fay, Spofford & 
Thorndike were introduced by Mr. Far- 
well and they described the particular 
phases of the projects in which they 
specialized, 

Mr. William L. Hyland, member 
BSCE, described the location, overall 
features and climatic conditions at the 
various bases. 

Mr. Howard J. Williams spoke on the 
structural features of the various proj- 
EUS: 

Mr. Edward C. Keane described high- 
way and runway problems. 

Mr. Murray H. Mellish, member 
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BSCE, outlined the water supply and 
sewage disposal features of the projects. 
The talks were all illustrated by lan- 
tern slides. Following a period of dis- 
cussion the speakers were given a rising 
vote of thanks. 
The meeting adjourned at 9:00 P.M. 
EpwIn B. Coss, Secretary 


DESIGNERS’ SECTION 


AprIL 9, 1947.—After dinner at the 
Old France Restaurant, Chairman Wy- 
ner called the meeting to order at 7:40 
P.M. in Room 228, Northeastern Uni- 
versity. The clerk’s report of the last 
meeting was read and approved. 

Chairman Wyner urged all present to 
obtain as many new members as possible 
in this, the 100th Anniversary Year. 

He then called upon Professor Pea- 
body to introduce the speaker, Mr. 
Charles S. Whitney, Consulting Engi- 
neer of Milwaukee and New York who 
spoke on the subject ‘Applications of 
the Plastic Theory to the Design of 
Modern Reinforced Concrete Struc- 
tures’. His talk was illustrated by lan- 
tern slides. 

A short discussion period followed. 

The meeting adjourned at 9:15 P.M. 

Ninety-two members and guests at- 
tended. 

R. W. Morr, Clerk 


May 14, 1947.—After dinner at the 
Ambassador Restaurant, Chairman Wy- 
ner called the meeting to order at 6:55 
P.M. in the Society Rooms, 715 Tre- 
mont Temple. 

A short discussion was held relative 
to trying a new eating place. Several 
places were mentioned including Pat- 
tens and the Smorgasbord but no defi- 
nite action was taken. 

A motion was presented by Mr. O. G. 
Julian and seconded by Prof. Weaver 
“that the Board of Govt. of the Main 
Society be petitioned to change the name 
of the Designer’s Section to Structural 
Section”. This motion was amended to 


read “That the Executive Committee of 
the Designer’s Secton give consideration 
to the choice of a more appropriate 
name for the section’. The motion was 
passed as amended. 

Chairman Wyner then introduced the 
speaker of the evening, Mr. Harrison E. 
Schock, Associate, of Kilham, Hopkins 
& Greeley, Boston, Mass., who spoke on 
the “Design of One of the Earliest Steel 
Frame Structures To Be Erected in 
Boston”. The talk was illustrated with 
numerous lantern slides. 

A brief discussion followed. 

The meeting adjourned at 8:40 P.M. 

Thirty-four members and guests at- 
tended. 

R. W. Morr, Clerk 


TRANSPORTATION 
SECTION 


AprIL 23, 1947.—The Transportation 
Section of the Boston Society of Civil 
Engineers held a regular meeting at the 
Society Rooms on this date. An Exec- 
utive Meeting was scheduled at 5:15 
P.M. Six members were present at this 
meeting and an informal discussion was 
held on the tentative program for the 
coming year. 

At 7:15 P.M. the Chairman, Profes- 
sor George W. Hankinson introduced 
Mr. Edward C. Keane of Fay, Spofford 
& Thorndike, who gave a highly in- 
formative talk entitled “Review of Cur- 
rent Practice in Design of Subgrades for 
Runways and Highways”. With the aid 
of slides, Mr. Keane discussed the con- 
trasting standards and_ specifications 
used in subgrade and pavement design. 
The speaker developed his subject as a 
practical problem in soil mechanics. He 
described and compared the various 
methods of soil classification as estab- 
lished by different authorities. The prob- 
lem of compaction methods and control 
was also discussed and illustrated. 

Fifty-nine members and guests were 
present at the meeting. 

HERMAN J. SHEA, Clerk 
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NORTHEASTERN UNIVER- 
SITY SECTION 


Aprit 9, 1947.—The Chairman called 
the meeting to order at 7:15 P.M. The 
reading of reports was omitted. A busi- 
ness meeting was ordered to be held 
Wednesday, April 16, at 1:30 P.M., for 
the purpose of electing delegates to The 
Annual Conference. Attention was called 
to the joint meeting of the North- 
eastern Section A.S.C.E., and the Boston 
Society of Civil Engineers to be held on 
April 16, at the University Commons. 
A continuation of the Joint Program 
with the third in a series of six lectures 
to be conducted in room 440, Richard 
Hall, on April 22, at 5:00 P.M., was 
also announced. 

The speaker of the evening was then 
introduced. 

Mr. T. Alfred Fleming, Director of 
Conservation, Underwriter’s Laborato- 
ries, spoke on “The Human Equation in 
Fire Prevention”. In his talk he men- 
tioned that last year was the most tragic 
year in fire losses both in property and 
life in the history of our country. He 
also explained that many lives are not 
lost by actually burning but by the 
breathing of super heated air which 
sears the lungs. Most of these deaths 
by super heated air could have been pre- 
vented by good engineering practices he 
explained. Many examples of recent 
costly fires and the faulty engineering 
that causes them were given. 

In industrial processes he stressed the 
urgent need for a greater knowledge of 
chemistry. Examples of deadly fires due 
to the lack of chemical knowledge were 
cited. 

Meeting adjourned at 8:30 P.M. 

Louis W. WIsE, Acting Secretary 


ApRIL 16, 1947.—In the absence of 
the President, the Vice-President called 
the meeting to order promptly at 1:30 
P.M., in the Society Room. A letter was 
read concerning the first meeting of a 
new section in the Boston Society of 
Civil Engineers, to be held in the So- 


ciety Rooms, 715 Tremont Temple, 
April 30, 1947, at 7:00 P.M. 
A discussion of the Annual Confer- 
ence was conducted by the Secretary. 
Election of two delegates was then 
conducted with nominations from the 
floor. Delegates elected are as follows: 
Herbert W. Cohen 
Jerome T. McCullough 
Meeting adjourned at 1:55 P.M. 
Louis W. Wise, Acting Secretary 


ADDITIONS 
Member 


Henry E. Bilodeau, 797 Bay Street, 
Taunton, Mass. 


DEATHS 


Arthur A. Forbes, January 7, 1946 
Adin M. Custance, June 22, 1946 
Frank A. Barbour, May 27, 1947 
Chester W. Smith, July 22, 1947 


APPLICATIONS FOR 
MEMBERSHIP 


[July 15, 1947] 


The By-Laws provide that the Board 
of Government shall consider applica- 
tions for membership with reference to 
the eligibility of each candidate for ad- 
mission and shall determine the proper 
grade of membership to which he is 
entitled. 

The Board must depend largely upon 
the members of the Society for the in- 
formation which will enable it to arrive 
at a just conclusion. Every member is 
therefore urged to communicate prompt- 
ly any facts in relation to the personal 
character or professional reputation and 
experience of the candidates which will 
assist the Board in its consideration. 
Communications relating to applicants 
are considered by the Board as strictly 
confidential. 

The fact that applicants give the 
names of certain members as reference 
does not necessarily mean that such 
members endorse the candidate. 
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The Board of Government will not 
consider applications until the expiration 
of fifteen (15) days from the date given. 


For Admission 

NATHANIEL Capp, Dover, Mass. (b. 
December 31, 1906, Greenfield, Mass.) 
Graduated from Worcester Polytechnic 
Institute 1929. Experience, served as 
field engineer, inspector and soil labora- 
tory technician with City of Springfield, 
Mass., on Construction of Cobble Moun- 
tain Dam 1929 to 1933, then two 
months with Mass. Geodetic Survey; 
entered private practice in Palmer, 
Mass. in 1934 handling design and con- 
struction of municipal projects until 
1939 when I joined the staff of Metcalf 
& Eddy, Boston, with whom I have 
served ever since, except for 1944 and 
1945 during which I served with the 
Navy Civil Engineer Corps. Some of 
the projects on which I have served 
while with Metcalf & Eddy are as fol- 
lows: 1939, Rock Creek Relief Sewer, 
Washington, D.C.; 1940, Boston M.D.C. 
relief sewers in charge of field surveys 
and borings for design studies; 1941, 
Bermuda Army Air Base design; 1942, 
Portland, Maine, surveys for sub-aque- 
ous water mains, Wilmington, N.C. de- 
sign and construction of army air field; 
1943, preliminary studies and design of 
various water supply and sewerage proj- 
ects. With the Navy C.E.C. was as- 
signed to the Public Works Office, 7th 
Naval District, Miami, Florida about a 
year, then to the Sanitary Section of 
the Bureau of Yards & Docks in Wash- 
ington, D.C. At present project engi- 
neer, Metcalf & Eddy, for the planning 
and design of various water supply and 
sewerage projects, and am now acting as 
resident engineer for the construction of 
an earth filled dam in Pittsfield, Mass. 
Refers to E. B. Cobb, S. E. Coburn, S. 
Keith, F. A. Marston, J. W. Raymond, 
A. L. Shaw. 


Wrtrtram R. Curr, South Braintree, 
Mass. (b. March 13, 1907, Braintree, 
Mass.) Graduated from Northeastern 


University in 1928 with degree of 
B.M.E. Construction engineer for the 
Western Union Telegraph Company, 
New York, prepared plans and specifi- 
cations and supervised field construction 
until September, 1932. Attended Har- 
vard Engineering School graduating 
June, 1933, with degree of S.M. in Civil 
Engineering. Experience, during 1934, 
supervised the field work for state wide 
trafic census for Mass. Department of 
Public Works. During 1935, U.S. 
Treasury, Procurement Division, as 
Commodity Chief in charge of purchas- 
ing of engineering materials and equip- 
ment. 1936-1942, employed as engineer 
with Hume Pipe Company of New 
England, duties included design, con- 
struction, sales and operation of con- 
crete pipe plants in Maine, New Hamp- 
sire and Massachusetts. Entered active 
duty status Civil Engineering Corps, 
U.S. Navy, April, 1942, with rank of 
Lieutenant. ROinCC BuDocks CPFF 
Contracts Naval Dry Dock South Bos- 
ton to October, 1942, construction total- 
ling approximately $20,000,000. To No- 
vember, 1944, ROinCC Seattle Tacoma 
Shipbuilding Corp., Tacoma, Washing- 
ton, construction contracts approxi- 
mately $17,000,000. Additional duty 
OinCC reinforced concrete floating dry 
dock construction, Olympia, Washing- 
ton. To October, 1945, Contract Supt. 
and Ass. OinC Naval Supply Base, 
Stockton, California, construction cost 
approximately $35,000,000. Ordered to 
inactive duty October, 1945, with rank 
of Commander (CEC) USNR. No- 
vember, 1945, returned to the Hume 
Pipe Company where now employed as 
engineer, having duties as previously 
described. Refers to E. F. Childs, A. 
Haertlein, P. Holbrook, R. W. Horne, 
W. L. Hyland. 


S. Apert KAurMan, Tewksbury, 
Mass. (b. May 1, 1897, Miropol, Rus- 
sia.) Graduated from Massachusetts 
Institute of Technology, class of 1919. 
Experience, chemist with Converse Rub- 
ber Company, Malden, Mass., from 
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graduation at M.I.T. to Sept. 1919; cal- 
culator in the Steam Turbine division of 
the General Electric Company, Lynn, 
Mass., from Oct. 1919 to April, 1922; 
manufactured hosiery from April, 1922 
to May, 1925, at Malden, Mass., Eas- 
ton, Pa., and Gloversville, N. Y.; in 
private practice as land surveyor at 
Malden, Mass., 1925 to date, with ex- 
ception of period Sept. 1942 to March 
1943, in U.S. Army as military police- 
man being honorably discharged as pri- 
vate first class. Some of projects com- 
pleted, while in private practice, Oil 
farm for State Fuel Co., East Boston, 
Mass.; Steel and concrete seating stands, 
Malden High School, Malden, Mass.; 
1500 Beacon Street, Brookline, Mass.; 
Apartment Bldg., Brighton, Mass., Beth 
Israel Cemetery, Everett, Mass.; Land 


Court Surveys in Middlesex, Norfolk, 
Essex and Suffolk Counties. Publica- 
tions, Article—India Rubber World, 


May 1, 1919; Technical Reports 14474, 
14475 Steam Turbines for the G.E. Re- 
fers to H. Estey, C. B. Humphrey, L. A. 
Chase and C.:\M. Anderson. 


BENJAMIN A. LEKESKy, Boston, Mass. 
(b. October 20, 1914, Poquonock, Conn.) 
B.S. Civil Engineering, 1937, University 
of New Hampshire. Experience, Metro- 
politan District Water Supply Commis- 
sion, field engineer, 1937-1940 assistant 
Resident engineer; 1940-1945, Bethle- 
hem Steel Company, Quincy, Hingham, 
E. Boston Yards, senior engineer; 1945- 
1947, The Thompson & Litchner Com- 
pany, Inc. Experience embodies a broad 
variety of construction work including 
water supply facilities, shipyard con- 
struction, field supervision of steel erec- 
ton, concrete control, building materials, 
etc. Firms which are familiar with my 
work include the following: Metcalf & 
Eddy, Engineers; Sawyer Construction 
Company; Aberthaw Company; Coo- 
lidge, Shepley, Bulfinch & Abbott: 
Perry, Shaw & Hepburn, Arch’s: Gil- 
bert Small & Company; George A. Full- 
er Company; Turner Construction Com- 
pany; Ring Engineering Company; 


Foundation Company of New York and 
others. Refers to M. N. Clair, R. W. 
Moir, H. G. Protze, S. E. Thompson. 


RicHarp W. Locan, West Medford, 
Mass. (b. January 20, 1895, Hoboken, 
New Jersey). Graduated from M.I.T. 
1917 with degree in Mechanical Engi- 
neering. 1917-1919 served U.S. Army 
Coast Artillery Corps resigning commis- 
sion as Captain in August, 1919. Ex- 
perience, since September, 1919, with 
Chas. T. Main, Inc. Began work as 
tracer and draftsman and as I gained 
experience was trusted with design of 
smaller projects. During the course of 
the next 5 years became efficient enough 
to take over the entire design and speci- 
fications for smaller projects. Following 
some years spent in design and what is 
classified as sub-professional work, spent 
approximately 10 years in work which 
is classified as professional work as prin- 
cipal assistant on various engineering 
projects including the layout and design 
of industrial plants of various charac- 
ters and especially the design of many 
textile mills in the cotton and woolen 
and worsted field. The last 5 to 6 years 
have spent in responsible charge both in 
the field and in the office of several 
projects for the U.S. Navy, including 
a shipyard constructed in Maine in 
1941, and another shipyard constructed 
in Wilmington, Del., during the year 
1942; the magnitude of these jobs may 
be indicated by the cost of this work, 
in the case of the Maine shipyard 
$8,000,000 and in the case of the Dela- 
ware shipyard approx. $14,000,000. On 
July 1, 1946, became a member of the 
firm of Chas. T. Main, Inc., where I 
am now located and have since been 
elected a director of the corporation. 
Am a registered professional engineer in 
the Commonwealth of Massachusetts. 
Refers to A. W. Benoit, H. K. Barrows, 
S. Huckins, F. M. Gunby, W. F. Uhl. 


EuceNeE D. MELiisH, Cambridge, 
Mass. (b. Sept. 11, 1923, East Brady, 
Pa.) Studied Chemical Engineering for 
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3% semesters at Grove City College, 
Grove City, Pa. Withdrew from college 
January, 1943, and entered the Army 
February, 1943. May, 1943 was admit- 
ted to the Army Specialized Training 
Program studying Civil Engineering at 
New York University (9 months) and 
at University of Connecticut (6 months). 
February, 1946, was discharged from 
the Army and entered University of 
Connecticut that same month to study 
Civil] Engineering. June, 1947, received 
B.S. degree. At present with Jackson & 
Moreland, Boston, Mass., designing 
draftsman in the structural department. 
Refers to W. F. Condon, H. A. Gray, 
O. G. Julian, J. Lasker. 


JosEPH G. Power, Boston, Mass. (b. 
October 21, 1916, Boston, Mass.) 
Graduated from Boston College in 1938, 
receiving B.S. degree in Physics. The 
prescribed course of studies placed much 
emphasis on advanced mathematics. 
Attended Lowell Institute at M.LT., 
three years. The first two years were 
spent in completing the course in build- 
ing construction and structural design 
and the last year in the supplementary 
surveying course; U.S. Engineer Office 
from Nov. 1941 to Feb. 1942, as rod- 
man and transitman giving line and 
grace for heavy construction on harbor 
defense work; T. Stuart and Sons Com- 
pany, from Feb. 1942 to July, 1942 on 
the additions to Hingham Ammunitior 
Depot, served as rodman and transitman 
with field parties laying out building, 
sewers, roads and railroad trackage; 
Boston Elevated Railway, Sept. 1942 as 
transitman, and continuously employed 
by same to date, being assigned after 
six months to act as chief of a survey 
party and in June, 1944, was promoted 
to that grade. Duties required in pres- 
ent position include all preliminary cal-- 
culations and research necessary for the 
successful conduct of all types of engi- 
peering survevs; the actual direction of 
the field work during the progress of 
these surveys; the making of mans, 
plans, profiles and studies based on these 


surveys; the calculation of traverses, 
land areas and quantities from the field 
notes and the design of alignments and 
fixing of grades. Refers to A. J. Black- 
burn, C. E. Davis, A. F. McVarish, L. E. 
Moore, E. B. Myott. 


GeEoRGE R. Ricu, Malden, Mass. (b. 
November 3, 1896, Worcester, Mass.) 
B.S. degree in Civil Engineering, 
Worcester Polytechnic Institute in 1919. 
Experience, 1919-1922, Structural De- 
signer, Stone & Webster, steam hydro- 
electric and industrial plants; 1922- 
1925, Structural Designer, McClellan & 
Junkersfeld, Cahokia Steam Power Sta- 
tion; 1925-1928, Hydraulic Designer, 
Stone & Webster, Conowingo Hydro- 
electric Development; 1928-1929, struc- 
tural engineer, Jackson & Moreland, 
Electrification Lackawanna Railroad; 
1929-1931, Stone & Webster, Osage & 
Rock Island Hydroelectric Develop- 
ments; 1931-1937, Hydraulic Engineer, 
War Department, improvements Cape 
Cod Canal, Fort Peck and Passama- 
quoddy Projects, Rehabilitation Boston 
Army Base, New England Flood Con- 
trol; 1937-1941, Head Mechanical En- 
gineer, in charge of Mechanical Engi- 
neering, all projects, TVA; 1941-1946, 
Chief Design Engineer TVA, in charge 
of design of all projects; 1946 to date, 


Hydraulic Engineer, Chas. T. Main, 
Inc., Hydro-electric and industrial de- 
velopments. Refers to, C. M. Allen, 


E. H. Cameron, B. O. McCoy, O. G. 
Julian, L. G. Ropes, B. Rose, W. F. 
Uhl. 


Ray L. Scuoppre, Brookline, Mass. 
(b. May 13, 1889, Pittsburg, New 
Hampshire). Graduate of the Univer- 


sity of Vermont in 1912 with degree of 
B.S. in C.E. Experience, June, 1912— 
April, 1913, instrumentman on R.R. con- 
struction with Canadian Pacific Rail- 
way; August, 1913 to date, Hydro- 
graphic and Geodetic Engineer with 
U.S. Coast and Geodetic Survey, hold- 
ing Commissionel Rank since 1915. 
Service with this Bureau has been con- 
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tinuous except for war service in 1917- 
1919 with rank of Lieut. U.S.N.R. 
From 1913-1922, served as Junior Off- 
cer on various ships and shore parties 
engaged on “Combined Operations”, 
which include Triangulation, Topogra- 
phy, Hydrography, Magnetics, and As- 
tronomical Observations. Since 1922, 
have served practically all of the time 
as Officer in charge of various ships and 
other activities of this Bureau. This in- 
cludes command of ships Marinduque, 
Natoma, Bache, Ranger, Lydonia, Dis- 
coverer and Surveyor, while working at 
various times in waters of the Atlantic, 
Gulf, and Pacific Coasts and in the 
Philippines and Alaska and the Aleutian 
Islands. It also includes 3 years as Dist. 
Supervisor at New Orleans and two 
years in charge of Magnetic Observatory 
at San Juan, P.R., and two years as 
Dist. Supervisor at Boston. Hold h- 
cense (since 1928) as Master Mariner, 
unlimited tonnage, any ocean. Member 
of S.A.M.E. and A.S.C.E. At present, 
District Supervisor, in charge of the 
Northeastern District, U. S. Coast 
and Geodetic Survey, 10th Floor, Cus- 
tom House, Boston, Mass. Now hold 
the rank of Captain, U.S.C. & G.S. Re- 
Wes We (C(O, Wtarras, WE. INS, Cig, Ja. 
Harsch, E. N. Hutchins, H. B. Kinnison. 


Epwarp N. SmirTH, Boston, Mass. (b. 
May 28, 1914, Boston, Mass.) Gradu- 
ated from Tufts College, B.S. in Civil 
Engineering, 1937. Experience, 1937- 
1941 several jobs including employment 
with Penn. R.R., N. Y. World’s Fair, 
Wheeling Corrugating Company: 1941 
to present, structural draftsman with 
Jackson & Moreland. Refers to W. F. 
Condon, O. G. Julian, H. A. Gray, J. E. 
Lasker. 


STEPHEN H. SmitH, Boston, Mass. 
(b. March 6, 1890, Bath-On-The- 
Hudson, N. Y.) Attended Cornell Uni- 
versity, 1909-1913, degree of C.E. 1913. 
Experience, 1912-1923, employed by 
I. W. Jones, Consulting Engineer, Mil- 
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ton, N. H., tracer, principal engineer; 
1923-1933, Stone & Webster, designer 
and resident engineer; 1933-1940, Fed- 
eral P.W.A., engineer examiner, project 
engineer; 1940-1945, T.V.A., construc- 
tion engineer; 1945 to date with Chas. 
T. Main Inc., engineer. Refers to B. O. 
McCoy, C. T. Main, 2nd, L. G. Ropes, 
T. H. Safford and W. F. Uhl. 


Transfer from Grade of Junior 


DonaLp F. Lipsy, Everett, Mass., (b. 
July 24, 1909, Everett, Mass.) (Gradu- 
ated from Northeastern University in 
1931, with degree of B in Civil Engi- 
neering. Experience, employed by Com- 
monwealth of Massachusetts Depart- 
ment of Highways for various periods 
from June, 1931, to January, 1937, on 
temporary appointment. Duties, figuring 
quantities, x-sections, final and prelimi- 
nary estimating, final computing and 
entering final pit quantities. Received 
a permanent appointment July, 1937, 
which was terminated November, 1939, 
due to lack of funds. Appointed per- 
manently in City of Everett Engi- 
neering Department, January, 1940, 
which has continued to present except 
for military service in U.S. Army from 
November, 1942 to November, 1945. -14 
months service in the States and 22 
months service European Theatre of 
Operations in Mapping Section, Office 
of Chief Engineer. Duties in Engineer- 
ing Department, Everett, Mass., rodman, 
transitman, chief of party, lines & 
grades on streets, sewers, drains side- 
walks, edgestones and all phases of city 
surveying, including drafting and com- 
puting. Refers to H. B. Allen, C. O: 
Baird, L. A. Chase, J. Harmaala. 


Henry E. Weiss, Boston, Mass., (b. 
May 21, 1918, Brookline, Mass.) Grad- 
uated from Harvard University in 1941, 
majored in engineering sciences and also 
took a summer surveying course. Ex- 
perience, continuously engaged in con- 
struction and engineering since gradua- 
tion. Employed by Hew Construction 
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Company of Boston and is assistant 
Treasurer of W & L Engineering Com- 
pany of Boston. 1943, junior engineer for 
Maurice A. Reidy at shipyard at Provi- 
dence, R. I., as member of survey par- 
ties engaged in field layout work; 1944, 
field engineer for W & L Engineering 
company at Cleveland, Ohio, on con- 
struction of a  drive-in-theatre. As- 


sisted in supervision of construction of 
new roof for Boston Public Library, a 
new Armory at Norway, Maine, and 
recent alteration at Home Savings Bank, 
Boston. Holds A.B.C. Builders license 
in City of Boston. Member of Harvard 
Engineering Society. Refers to M. Av- 
ellino, A. Haertlein, J. Lasker, T. Mul- 
care, M. Linenthal. 
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